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United States Enoineeb Office, 

New YorJcy August 10, 1875. 
Genebal : I have the honor to state that my tests to determine the 
compressive strength, specific gravity, and ratio of absorption of the 
building-stones in the United States in most general use have been con- 
siderably extended since my report of July 30, 1874. The methods 
pursued and the results obtained, inclusive of those first reported, are 
embodied, and to some extent discussed, in the paper herewith sub- 
mitted. 

My assistant, Mr. Louis Nickerson, had immediate charge of all the 
experiments and tests made during the past year, and I am indebted to 
him for valuable suggestions and zealous co-operation during the pro- 
gress of the work. 

Yery respectfully, your obedient servant, 

Q. A. Gillmobe, 
Lieut Col. of UngineerSy Bvt Maj. Oen., U. 8. A. 
Brig. Gen. A. A. Humpheeys, 

Chief of Engineers J U. 8. A. 
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REPORT. 



FOBM OF SPECIMENS AND METHOD OP TESTING. 

Many of the specimens were delivered from the quarries in the form 
of cubes, measuring 2 inches each way, but the greater part have been 
wrought into form at Fort Tompkins. The desire has been to get 
average specimens, rather than to have the quarries picked for fine pieces, 
and it is thought that the attempt has been in general successful. Bach 
cube was placed between two cushion-blocks of soft pine wood, 2 inches 
by 2 inches square, and slightly* more than J inch in thickness, one on 
the top and the other under the bottom ; the grain of the wood being 
parallel in each to the other — ^though no dift'erence was observed when 
this was changed, as regards amount of record. This arrangement 
caused the pressure to come more gradually upon the stone, and the 
cushions, becoming much indurated by the effects of pressure, to some 
extent took the place of the mortar ^sed in actual building. 

For iron and wood, Hodgkinson has shown that trial specimeiis should 
be at least one and one-half times as high as the width of bed ; but 
stone, except when used as columns, is usually laid of less height than 
bed, and the cubical form of specimens adopted for the experiment 
affords suflftcient security for the angular breakage which he proved to 
be necessary for a true result. This latter fact is corroborated by sub- 
sequent experiments. 

The cubes recorded in the general tables were brought to a true, 
smooth, and regular, but not a polished, surface. The granites and mar- 
bles, however, embraced in the tables under the head of '^ Sundry special 
experiments,'' were carefully rubbed down to the border of a polish, 
because in these great homogeneity and fineness, especially of bed-sur- 
face, was rather desired than the true t^ilding-strength of the stone. 
This latter plan undoubtedly increased the resistanc e- It is not, however 
a high valuation that we want for the general table, but a safe onej and, 
moreover, we desire to arrive at some knowledge of the resistance which 
the rock will have when applied in the usual manner in a wall. The mode 
used would seem to yield the truest answer to the experimental inquiry. 
Sandstones, of course, having no polish, give no difference of result 
from this cause. It must also be remembered that the general tables 
seek as nearly as possible to give the average strength of the average 
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stone from any particular quarry, while the " Sundry special experi- 
ments/' having been made with carefully picked stones, will give higher 
results from that cause. There may be some exception to the last 
remark in the East Chester marble, but, if so, that is believed to be the 
only one. 

Each specimen of all the kinds was carefully prepared by an expert 
stone-cutter, and the bed-side marked. These were then placed upon a 
table near the hydrostatic-press, used in such a manner as to mix them 
completely, and so prevent any inadvertent choice being made when 
they were picked up. They were there examined, squared, measured, 
and calipered, and then tested on bed or edge, under steel, wood, lead, 
or leather, as the routine prescribed. When placed in the press, each 
specimen was carefully centered to the axial line of pressure, and the 
power applied neither fast nor slow, but steadily. The records were not 
attempted to be made exact within 500 pounds — equal to 125 pounds per 
square inch on 2-inch beds and over. On smaller specimens than 1-inch 
cubes 100 pounds was made the limit of error. 

The weight of the movable parts of the press, with its attendant fric- 
tion and the pump-stroke — about 800 pounds in all — is to be subtracted 
from the records in the general tables, or 200 pounds per square inch. 
The subject of friction is discussed under the head of " Testing the press 
and gauges.'' 

GAUGES. 

The press is supplied with two gauges, one indicating the pressure up 
to 100,000 pounds ; the other to only 5,000 pounds. Both are connected 
by pipes with the lower end of the cylinder of the ram. Both gauges 
may be used simultaneously until the capacity of the 5,000-pound gauge 
is exhausted, when its connection with the cylinder is shut off by a little 
valve worked by a hand- wheel. Generally, in testing stones, the lighter 
gauge is not used. 

To check the working of the 100,000-pound gauge next to the press, 
another gauge of similar capacity was employed as a test-gauge. It is 
attached to the connecting-pipe, near to the pump. These gauges were 
manufactured in the city of New York, on a modified arrangement of 
Bourdon's principle. 

THE BREAKAGE OF STONE. 

The diagram accompanying this report shows sketches of eight sam- 
ples of stone. The first one, named homogeneous stone, is imaginary, and 
represents the general form of breakage of many sandstones and sac- 
charine marbles. The separate pieces shown are such as are usually 
picked up after breakage, although with other varieties of stone they 
are generally more angular. The other sketches of stone represent 
samples actually tested and broken. The numbers given with each ot 
them correspond with^ those in the tables. The position of the cube 
when tested is also stated, whether it was placed on " bed " or on " edge." 

Considering the infinitely-varied composition and character of all 
kinds of rock, it may be said that no material is less calculated to per- 
mit the establishment of special laws by a general form of breakage. 
It may be safely assumed, however, that more numerous and extended 
experiments, carefully and patiently conducted, will ultimately lead to 
the development of certain general laws relating to the behavior of 
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stones under pressure, a knowledge of which will be most useful to the 
engineer and builder. 

Homogeneous stones seem, in most cases, to break in the following 
manner, (see Plate I:) The forms of fragments a and h are approxi- 
mately either conical or pyramidal, according as the stone is friable and 
of obviously granular structure, like sandstone and a few kinds of 
marble and granite, or compact, such as the true limestones and most 
marbles and granites. The more or less disk-shaped pieces e and d are 
detached from the feides of the cube with a sort of explosion, flying off 
in a more or less intact condition. In e and /, the stone is generally found 
crushed and ground to powder by the attrition of the larger fragments. 
Of course, this general result is modified by the nature and quality of 
the grain in the stone, and those other causes of irregularity which leave 
no two cubes of the same strength and condition, although they may 
have been cut directly apart from each other. 

This form of breakage occurs also in non-homogeneous stones broken 
on bed; but it must be remembered that here the modification must be 
taken into account which "grain" produces as against homogeneity, 
rendering the object liable to split in rectangular fragments. This fre- 
quently lengthens the cone or pyramid in stones on bed, and causes those 
set on edge to actually split in rectangular disks; the style of splitting 
being, of course, irregularly modified for different specimens. Sand- 
crackvs, &c., in stones have also their influence in directing the pressure ; 
even the diflftculty of determining the bed in some stones, after being 
cut, may be a source of errors. 

SPECIFIC OBAVITY. 

The stones whose resistance to crushing-pressure had been tested 
were also experimented upon in relation to their specific gravity. In 
the course of these investigations, it was sometimes necessary to be 
content with rather small fragments of stone, of not more than 15 to 18 
pennyweight; but generally they weighed from one to two ounces. 

On commencing this part of the work, some doubt was felt in regard 
to the best means of obtaining the correct displacement of porous stones ; 
and all stones are more or less porous. It appeared evident that in 
weighing the stone first in air and then in water an error would be com- 
mitted by saturation. The first idea, to give the stone a coating of thin 
varnish, was abandoned, because, although the pellicle would be thin, 
yet no means could be taken to know precisely what its thickness was, 
or what it amounted to in its effects. The second idea, to soak the stone 
in very fluid resin, the pellicle to be washed from the surface before dry, 
was given up, because it was desirable to preserve the specimens intact 
for experiments on freezing and other tests. 

The plan finally adopted was, first, to remove from the stone all loose 
particles, and round off all sharp corners and edges, bringing it, in fact, 
practically to that condition commonly known as water- worn. It was 
then carefully weighed in air, immersed in water, and allowed to remain 
there until all bubbling had ceased, and its weight taken. It was then 
taken out of the water and weighed again, in its saturated condition, 
with the precaution of previously denuding the stone of superabundant 
water, by beingcompressedlightly in bibulous paper. The specific gravity 
is now found by dividing the weight of the stone, when j)erfectly dry, 
by its weight in the air after having been saturated, mirvm its weight in 
water. 
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8 
This may also be expressed by the formula — 

W 
Specific gravity =^— ^^ 

W representing weight of dry stone in air 5 W„ representing weight of 
saturated stone in air 5 W, representing weight of stone immersed in 
water. 

In determining the specific gravity of stone, the weight of water was 
assumed to be 62J pounds per cubic foot. 

RATIO OF ABSORPTION. 

The term " ratio of absorption ^ simply expresses the weight of water 
absorbed by the stone as compared with the weight of the dry stone f 
that is, if the stone when dry weighs 300 units, and the column of 
" ratio of absorption " shows the fraction ^^, it means that, by immer- 
sion in water, the stone will absorb 1 unit of it, weighing 301 units 
immediately after its removal from the water. 

The method adopted for ascertaining the specific weight of stone fur- 
nished at the same time the means to determine the " ratio of absorption.'' 
The weight of the saturated stone minus the weight of the dry stone 
gives, as a result, the amount of water absorbed. This might, perhaps, 
more correctly be called the "avidity of absorption," since it was 
limited to the period of bubbling. Some few stones, having been kept 
immersed in water for several consecutive days, showed a slight increase 
in weight. 

Since the capacity of a stone to absorb water has much influence on 
its durability, even during the warm season, and far more so in cold 
weather, the addition to the tables of this column was deemed advisable.^ 

TESTINO THE PRESS AND GAUGES. 

It was deemed essential that the accuracy of the gauge records should 
be verified, and that the law under which friction was developed under 
varying pressure should be ascertained for the instruments actually 
used in testing the several kinds of stone, viz, Hoe's hydrostatic press, 
and Willing & Co.'s gauges. 

Two gauges were used. One of them, of 500 pounds capacity, was 
extremely sensitive ; so much so that besides other useful results, it accu- 
rately indicated the power used in lifting and working the unloaded 
ram, leaving only the efftcient power and friction to be accounted for or 
measured. The other and larger gauge has a capacity of 100,000' 
pounds. 

From careful experiments made by Mr. J. Hicks, civil engineer, of 
Bolton, England, on rams of 4-inch and 8-inch diameter, it appears that 
the friction of a 4:J-inch ram — the one used in these trials — is about nine- 
tenths of 1 per cent, of the total pressure. 

Assuming the law of the increase of friction to have been definitely 
ascertained by these experiments for hydraulic presses generally, it was 
thought best to make some special trials with the one in use. These 
were several times repeated with approximately corresponding results.. 
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They were conducted in the following manner : It had been repeatedly 
noticed that small cubes of Michigan pine, when placed in the press 
and crushed against the grain, gave very uniform results. One-inch 
cubes, for instance, cut^from the same piece side by side, crushed sud- 
denly at from 5,800 to 6,000 pounds pressure. An average obtained 
with 1-inch cubes of pine crushed separately was thus established. 

It was further ascertained by trials that sets of 2, 3, 5, 10, 15, 16, or 18 
1-inch cubes of the same material, placed in the press iu succession, the 
cubes in each case being set side by side, though not within lateral 
supporting-distance of each other, gave proportional results — that is, 
the aggregate crushing pressure divided by the number of cubes, gave 
the average crushing strength obtained with the single cube, within a 
reasonable limiting error of, say, 500 pounds for large numbers. All 
the cubes in each set crushed suddenly and together. Several repeti- 
tions of this experiment gave similar results. It was also tried with 
2-inch and with 3inch cubes, the aggregate crushing resistance — friction, 
of course, included — being always proportional to the number of cubes 
simultaneously crushed. The results of the more exact experiments of 
Mr. Hicks were therefore corroborated, that the resistance from friction 
must have been a constant percentage of the power employed, and not, 
as has been sometimes supposed, a differential increase. Indeed, this 
last-named hypothesis could not possibly obtain under the known laws 
of friction unless abrasion should set in between the lubricated leather 
packing and the copper lining at between 1 pound and 6,000 pounds 
pressure per square inch. These were examined after a year's time, 
during which the entire power of the ram up to 100,000 pounds — equal 
to 6.290 pounds per square inch — had been repeatedly used. The leather 
was found to be natural and the copper glazed. Abrasion therefore had 
not taken place. 

There appears to be a singular and unfounded prejudice against the use 
of gauges for recording pressures, due apparently to the fact that several 
having proved incorrect, when properly tested, the results have been 
more or less widely advertised ; while the true instruments, constituting 
a very large majority of those in actual use, have remained unnoticed. 
It is unnecessary to say the same rule would banish the yard-stick and 
the pound-weight &om existence, the first being often too short, and the 
latter too light. 

The three principal kinds of gauges are the spiral-spring gauge, the 
diaphragm- spring gauge, and the one used in all the experiments and 
tests herein recorded, known as the tubular spring gauge. Its essential 
and characteristic feature is the tubular spring made of fine cast-steel, 
carefully bored, bent, tempered, and tested. The bending of course 
changes its original circular section to an elliptical one. As the fluid is 
forced into this, the greater pressure in the direction of the minor axis 
tends to change its sectional form toward the cir jle, as the figure of 
greatest capacity, which of course it can never reach until it becomes 
straight as at first, but which it approaches as the pressure increases, 
growing straighter at the same time. It is this straightening of the 
spring which works the gearing and revolves the index-hands. 

The fact that this simple instrument can be made to register correctly 
upon a graduated dial, is full proof of the great delicacy of which it is ca- 
pable. It has certain advantages over the beam-scale for large pressures 
in this, that while the beam may be very correctly graduated for any ratio, 
say 1 to 100, and be very perfect for comparatively low pressures, yet it 
depends upon knife-edges, which, when we have raised our power, say 
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to 100,000 pounds, or higher, may begin to abrade, to sink into the 
plates supporting them, and to obtain another and an unknown law of 
friction. Therefore, although the ratio of 1 to 100, or that of any given 
beam, may be very perfect within certain limits of power, we cannot 
rely upon preserving that ratio, or rather we may be quite certain that 
it is not preserved when those limits are exceeded. The worst is, that 
we do not know to what extent the ratio of the beam is incorrect in 
recording high pressure. 

The gauge has all the pressure put upon it, when tested for accuracy, 
that it will ever have to bear. It requires siraplj^ to be tested up to its 
maximum per square inch, seldom equal to 8,000 pounds. Then, if the 
ram is never worked at over 8,000 pounds per square inch, which the 
safety-valve should insure for the safety of the cylinder, there comes no 
more pressure upon the gauge from a cylinder of 300 square inches than 
from one of 0.03 of a square inch. 

The ram used in these experiments having only 15.9 square inches 
area and 100,000 pounds power, the maximum pressure per square inch 
is 0,290 pounds, nearly, or 1,572J pounds to the one-fourth of a square 
inch. The accuracy of the gauge-scale may therefore be thoroughly 
verified with a beam-scale known to weigh correctly up to 1,572J pounds 
and a hydraulic press having a cylinder of one-fourth of an inch sec- 
tional area. Of course the same gauge could be taken from the 15.9 
square inch cylinder and placed upon a 15.9 square inch cylinder, and 
the gauge-records multiplied by 10 would give the true power used, the 
actual pressure on the gauge when weighing 1,000,000 pounds remain- 
ing precisely the same as when weighing 100,000 pounds on the smaller 
ram ; that is, 6,290 pounds per square inch. However, any small error 
. in the ratio of areas between the quarter-inch cylinder and the 15.9-inch 
cylinder \vould also be multiplied by 10. To show how this might be 
reduced by scientific application to indefinitely small quantities is for- 
eign to the requirements of this paper. 

SUNDRY SPECIAL EXPERIMENTS 

Showing differences resulting from the use of various surfaces of pressure^ 
including steely wood, lead, and leather ; differences in the compressive 
strength per square inch in different-sized cubes ; and of prisms of vari- 
ous heights in relation to breadth of bed. 

The first of these commenced with trials of the different results to be 
obtained in amount and mode of fracture between stones of same kind, 
and from the same block, all 2-inch cubes in magnitude, with different 
pressing surfaces. Hardened-steel faces, wooden cushion-blocks, about 
J of an inch thick, cushions of lead, about ^ of an inch thick, and 
afterward thin lace-leather, were introduced into the comparison. 

The specimens, as before observed, were taken for each experiment, 
from the same block, approximately yielding just the number wanted ; 
were then most carefully brought to parallel beds by being ground in 
an iron frame upon a stone plane-table with sand and stone-dust, and 
were then truly squared. Their surfaces, especially the beds, were on 
the borders of polish, as nearly as the character of the stone allowed. 
When set out upon the table for use, they were carefully mixed up, 
calipered, squared, and measured, and the trial commencing with steel, 
was alternated regularly, the second stone being broken with wood, the 
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tbird with lead, and, in the second part of this series of experiments, the 
fourth with leather. This plan was varied on a few occasions only, 
when an evident flaw was observed, and the results omitted from the 
table. 

The instrument used to give security to the direction of the pressures 
was of the following description : (See Pig. 1.) 

P, is a cast-iron frame 1 
inch thick; By a IJ-inch cast- 
iron plate, to which it is fast- 
ened by lugs XX ; aa^ cast- 
iron mandrel with steel plate 
c, IJ inches thick, secured to 
mandrel by IJ-inch steel screw 
wrought on back of plate ; &, 
steel disk, 2 inches thick, set 
into same guides in which 
mandrel works. The mandrel 
and disk have 4-inch by 4-inch 
square faces, exactly parallel 
to each other and perpendicu- 
lar to guides. All the steel 
was hardened to straw color 
and then worked true. The 
mandrel is secured to the top 
beam of the press by wire 
cordage, the weight of the 
frame bringing that down 
easily after each breakage. 
The object O is placed truly 
under the center of the man- 
drel, through one of the four 
arched apertures in the frame, 
and the frame raised again by 
the pump, the stone being 
broken between the steel face 
c of the mandrel, and the steel 
disk 1). 

The top of the mandrel is 
segmental, so as to create no 
resistance to the true action of the guides, and a balk of wood, 4 inches 
by 4 inches by J inch, is laid upon this segmental top. This became 
hard and convex, but lasted throughout all the experiments. 

The phenomena of breakage by the steel and wood were nearly the same; 
a tendency in steel to make one pyramid of from 50° to 60° angle at base, 
rather than two of 46° each, was occasionally suggested, but not sufficiently 
so to indicate a law. In both cases the form seemed to be of pyramids 
forcing out end pieces, and usually breaking them up. The end pieces 
from the wood were, as far as observed, slightly more prismoidal, and 
from the steel, more wedge-shaped. It is impossible to speak with cer- 
tainty, however, on this point; the frame P, in both cases, confining 
the fragments, and thus securing much greater destruction, by preventing 
their escape from the reaction of the press, than when they were free to 
fly off at the moment of rupture. 

With the lead, and subsequently with the leather, the phenomena were 
entirely different. 
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A dull thad, instead of a pistol-like report, and sometimes only the 
mere recoil of the gauge-needle, recorded the destruction — a destructioa 
indeed which was complete. To the observing eye, vertical cracks burst 
instantaneously upon the sides of the specimen, about one-fourth of aa 
inch apart, and all its cohesion was gone at once. Examination showed 
the fragments to be prismatic, with the greater dimensions parallel with 
the direction of the pressure, and with an unusual quantity of stone-dust 
intermixed. To be sure the central portions tended slightly to the pyra- 
midal form, but the fragments from the steel and wood trials are solid 
like the original stone, having little appearance of internal injury, but 
only of having been severed from each other forcibly. Those, on the 
contrary, from the lea4 and leather trials, appear to have been riven to 
their utmost recesses, and crumble between the fingers like wood-cinder, 
having been apparently cleaved everywhere and in every direction in a 
manner, however, suggesting general parallelism with the line of press- 
ure at the initial moment of rupture. The very constitution of the rock 
is shattered when crushed in this manner. 

And it is not that the lead or leather appears to spread much. They 
do not spread in all directions so much as the wood does in one. The 
phenomena seems to be this : that while one side is 
being made smooth by the steel plates the other ap- 
pears to be driven into the microscopic interstices of 
the rock, intruding by flowage — after the manner de- 
"^ scribed of metals in Trescas' experiments — then open- 
ing and splitting it by crowding pressures, and thus 
from each end driving myriads of minute wedges into 
^. 2 the rock, while the normal pressure causes a powerful 

*^* * tendency to open in the middle. (See Fig. 2.) 

Lace-leather is of an extremely close texture, something like oil-soaked 
rawhide, and retains in a great degree, like lead, the characteristic lines 
of the rock surface stamped upon it. Ordinary fibrous leather might 
have a difi^erent action. 

This course of special experiment was conducted in three stages. 
Stones of a well-known stable character, selected either from previous 
acquaintance or from knowledge otherwise derived, were used. In the 
first, Mill Stone Point granite was used, a stone of considerable hardness 
without brittleness, of weatheringdurability, and, from its clear fracture, 
evidently possessed of good tensile strength, even in proportion to its 
compressive resistance. In the second stage. East Chester marble was 
employed, and in the third, Berea sandstone of the blue-gray color. 

TABLE ni. 

Table III shows very plainly the quantitative relations which press- 
ing surfaces of steel, wood, lead, and leather bear to each other in the 
breakage of these several rocks. 

Now as the stones above mentioned were all relatively high in their 
respective resistances, and as it was evident that a very weak stone, 
crushing below the pnssure per square inch at which wood, lead, or 
leather could exert idiosyncrasies ditferent from those ot steel, would 
yield indiiferently to either, it was naturally supposed that the difter- 
ences observed would rather converge as the compressive resistances of 
rocks decreased. 

The fact, however, that the characteristic breakage and the observed 
phenomena of yielding under wood were difl'erent from those observed 
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with leather or lead, while all concurred in departing more or less from 
the quantitative results obtained with steel, suggested a continuation 
of the experiments so as to include rocks of the same kinds in name but 
of different characteristic. Directions were therefore given to obtain 
granite sinjilar to that used as the inside lining of the capitol at Albany, 
and a marble similar to the Vermont marble, both of wbich were well 
known from prior experiments. These are both solid stones of flue 
grain, which take an excellent and beautiful surface, but are both, rela- 
tively to their kind, and certainly as compared respectively with the Mill 
Stone Point granite and East Chester marble, of a friable character. 
This may even be observed by attrition with the thumb-nail upon a 
fresh fracture, and they evidently possess less tensile, and therefore less 
beam strength, than the average rocks of their kind. The first, though 
well knit together, is micaceous in small spangles, the other granular 
like white sugar. 

These stones were then tried under precisely the same circumstances 
as those foregoing, with this exception, that several of them cracked be- 
fore breakage^an occurrence which did not happen to the others — and 
were, therefore, excluded from the record. 

TABLE in A. 

The result of these experiments shows a divergence instead of a con- 
vergence in relative results, and as the last-named, or softer, granite 
gave under steel, wh^re its compressive power may be supposed to 
be tested, the same results as the first, it became suggestive that it 
was not the property of softness alone which had quantitatively changed 
the results between the two, under the rigid steel and the spreading 
wood. It was well, however, to test this by other experiments. There 
happened to be on hand a block of soft Sebastopol limestone or chalk, 
taken from the ruins of the Malakoff, which was, at least, soft enough to 
suit the purpose. There were also on hand three 1^-inch cubes of a 
soft drab sandstone, and two specimens of sandstone from Massillon, 
Ohio. The first, or the chalk, crushes at about 1,000 pounds per 
square inch ; the drab sandstone at about 4,000 pounds ; and the Mas- 
sillon sandstone at from 6,000 to 8,000 pounds. 

Now if the softest of these stones gave the same results with steel, 
wood, lead, and leather, there could be little doubt that, so far as soft- 
ness was concerned, the results would not be divergent. 

A glance at Table III, A, will show that this is the case both with the 
chalk crushing at 1,000 pounds and the drab sandstone crushing at 
4,000 pounds per square inch; the former giving a uniform percentage 
of 100 for steel, wood, lead, and leather, and the latter the same for 
steel, wood, and lead, the trial with leather having been omitted. 

For the Massillon sandstone of the softest kind, crushing at about 
6,000 pounds per square inch with steel, we find the wood cushions 
giving results about 20 per cent, higher than those of steel. One of the 
four results obtained with steel plates, however, shows so much discrep- 
ancy, compared with the three others, that it may be rejected, and we 
may safely put steel and wood at 100 i per cent, each, lead at 90 per 
cent., and leather at 60 per cent. 

Here the difference between the lead and leather evidently results 
from their relative softness, the lead probably beginning to flow at a 
pressure of about 5,400 pounds per square inch, while the leather prob- 
ably begins at near 3,600 pounds per square inch. For the Massillon 
sandstone, crushing at 8,000 pounds per square inch, with iste 
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again find only a slight difference between steel and wood cushions ; 
but here appears to be another boundary, where the lead plates again 
take their position at 85 per cent., (or half-way toward the normal 
amount at high pressure, 65 per cent.,) which seems to commence at 
about 7,500 pounds per square inch, from whence it remains constant 
to at least 25,000 pounds per square inch for steel, or 16,250 pounds per 
square inch for the lead itself. 

With Berea sandstone, Table III, we have the lowest results of the 
general average, steel giving 11,000 pounds per square inch crushing 
strength; wood, 10,000 pounds; lead, 7,500 pounds; and leather, 6,700 
pounds; the percentage being as follows: steel, 100; wood, 91; lead, 
66 ; and leather, 60. 

Down to these points, then, our deduced averages, taken from the 
table, are sufdciently accurate for practical work; and below these 
points, that is, among the softer and weaker stones, the peculiarities of 
the pressing surfaces are not developed, and we get about the same 
results, whether we use steel, wood, lead, or leather. 

It seems probable that the real cause of the divergent results obtained 
with the stronger and harder stones lies in the relations existing between 
their tensile and compressive resistances, and that the law under which 
those divergencies are disclosed will be expressed in functions of those 
relations. 

The properties of tensile strength, compressive strength, and hard- 
ness, though common to all varieties of rock, vary in their relations to 
each other among the different kinds within measurable and some- 
times within comparatively wide limits. 

It is practically known among builders that a stone may be very hard 
and yet be very inferior to another which is softer, if it is to be placed 
where any tensile or beam strain will come upon it. The subject will 
be further discussed in this c€>nnection after all the experiments, others 
of which bear some relation to it, shall have been described. 

TABLE rv. 

Other experiments were made, and appear in Table IV, regarding the 
difference between the resisting powers of stone — in this instance con- 
fined to one kind — at one-half, once, twice, and three times the bed-di- 
ameter in height. These, curiously enough, conform precisely to the spe- 
cific experiments made by Mr. Hodgkinson, and probably point to his fur- 
ther correctness in cases where the width of base is still less in propor- 
tion to the height. It will be obvious, however, from the number and 
completeness of these trials, that the general principle which he seeks 
to establish, namely, that the compressive resistance of rectangular 
blocks, when crushed between plates by a vertical force, is proportional 
to the horizontal area of the blocks, is entirely incorrect when the height 
is near or less than the bed-diameter. Eesults in this connection are 
more elaborately worked out in the two sets of experiments on the 
breakage of different-sized cubes with which this section concludes. 

With blocks having different relative heights the difference in the 
manner of breakage is very observable. 

Those in which the height is one-half the width of bed are in all cases 
simply crushed to powder under steel and wood, and are more inclined 
to split in fine splinters, which easily become powder under lead and 
leather. 

Cubes break, as has been before described, into solid fragments under 
steel and wood, and under lead and leather split into as nearly a fibrous 
condition as stone can sustain a fibrous form. . ^^^^^i^ 
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Stones having a greater height than width of bed are 
partly split into large prisms by wood and steel, but more 
characteristically are broken across their heights in an 
oblique plane, precisely as wood yields when, having greater 
height than diameter, it is pressed in a direction parallel 
with the fiber, as shown in Fig. 3. None of these latter were 
tried with either lead or leather. 

A more detailed description and discussion of Table IV 
will come into subsequent parts of this report, and therefore, 
to avoid a repetition of words, they are merely passed over 
here with brief notice. 

TABLE V. 




Fig. 3. 



The experiments recorded in Table Y were made on beams of stone of 
2 inches cross-section and 6 inches long, broken on supports 2i inches 
apartj the bed being upon a long side, and receiving the pressure nor- 
mally. They were not quite satisfactory, because the first record was 
only approximately deduced, and because there were no specimens of 
the more fragile Vermont marble broken. These beams had partially 
flexible supports under them, made of soft pine, extending from the end 
If inches toward the center. A wrought-iron cylindrical rod, J inch in 
diameter, was laid across the top center, and the power applied to it. 
The results were as follows : Mill Stone Point granite, 4,000 to 4,500 5 
East Chester marble, 4,000 to 4,200 ; Keene (E. H.) granite, 3,300. 

From the known fragility of the Vermont marble in comparison, it 
could not have stood over 2,500, or, at most, 3,000, pounds. Accepting 
the larger number hypothetlcally, we should have Mill Stone Point gran- 
ite, 100; East Chester marble, 100 ; Keene (N. H.) granite, 77 ; Vermont 
marble, 75, as the relative beam strength of the stones compressed with 
steel, wood, lead, and partially with leather, in the first part of these 
discussions. 

TABLE VI. 



The special experiments, Table III, with the different mediums for 
communicating the pressure — viz, steel, wood, lead, and leather — were 
made with stones in a fairly-polished condition, when polishable stones 
like granite and marble were used. The sandstones were rubbed to a 
fine smooth surface. Now, inasmuch as the general tables were pre- 
pared with stones that were not polished, and many of ^hich were incap- 
able of receiving a polish, though all were carefully dressed to a smooth 
and even surface, and crushed between disks of pine wood, some varia- 
tions of results were to be apprehended from differences in the condi- 
tion of the surfaces of the cubes to wliich the power was applied, even 
though the same compressing medium was employed. 

Some closing trials, recorded iu Table VI, were therefore made, in 
order to obtain requisite data for making a connection between the 
special results and those recorded in the general tables. It seemed to 
be fair in this case to use as many different kinds of stone as practicable, 
rather than to divide the same number of experiments among several 
specimens of the same kind; because the general tables, comprising care- 
fully-selected average stones, rather than fine specimens, are really the 
basis upon which all the others depend ; and, as the general tables afford 
us numbers of trials already made with practical beds, which could be par- 
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alleled with polished stones of the same kind, it was concluded to use them. 
One difiSculty, however, remained : specimens could only be replaced, as 
regards certain kinds of eastern rock, which were at the head of the list, 
and several of these had, in the general experiments, cracked long before 
breakage, and thus broken at a disadvantage. The diflSculty was obvi- 
ated — nearly so, at least — in the following manner: extra fine speci- 
mens obtained for the second or special trial were carefully polished, all 
breakages from cracking were thrown out, and these were compared 
only with the best specimens of similar kinds in the general table. The 
difference appears to be about 25 per cent, in favor of polished surfaces, 
but is probably a little less. Sandstone, being incapable of polish, and 
consequently always similar in surface, gave in all the trials no appre- 
ciable differences. 

One object of these experiments being to connect together, as closely 
as possible, all the various trials that have been made by experimenters, 
in which various substances have been^used as pressing-surfaces, it was 
also necessary to add another series, on the strength per square inch of 
different-sized cubes ; this selection of form being made because almost 
all experiments had been conducted with cubes, whatever the size used; 
and because reason, experience, and precedent seemed to concur in the 
advantage of that selection. 

Among the experiments of Mr. Hodgkinson which are of peculiar 
interest are those relating to the question of a changing strength, as 
the bed-surface of any substance increased in area. For this he used 
teak-wood in cylinders ^ inch, 1 inch, and 2 inches diameter, and in 
each case twice the diameter in height. It will be recollected that he 
thus obtained results showing the ratios of strength to be 1 14: 16: or, 
in other words, the same resistance per square inch of bed-area. 

IS^ow, on the contrary, 1-inch, 2-inch, and 3-inch cubes of Michigan 
pine, crushed against the ends of the liber, during the course of these 
trials, gave a considerable increase in strength per square inch as the 
size of the cubes was increased. This test with pine was only intended 
to be preliminary to similar trials with stone, should the results seem to 
justify the necessary expense thereof, and is not of itself especially 
worthy of record, it only gave a direction to further experiments. 

Eeferring to Tables II and IV, and taking them in connection, we find 
by the former that a 1-inch cube of bluish Berea sandstone, broken under 
steel, sustains 9,500 pounds, and that consequently four separate cubes 
of that size crushed side by side would just sustain four times as much, or 
38,000 pounds. Yet, when in one piece, forming a slab 2 inches by 2 inches 
by 1 inch, or, so to speak, when they are connected together by their own 
substance, it actually sustains nearly 76,000 pounds, or twice as much 
as the set of four 1-inch cubes; and when the height is increased into 
the form of a 2-inch cube, it sustained nearly 50,000 pounds, or less than 
two-thirds as much as the slab, although one-third more than the set of 
four 1-inch cubes. When the height is further increased to twice the 
width of base, it sustains only 44,000 pounds, or fully one-tenth less 
than the 2inch cubes. 

The general cause of these differences is readily obtained from the 
course of the strains, which — if we suppose them for simplicity to act at 
an angle of 45° in the stone, and the material is known, under the same 
circumstances of crushing, to yield under a constant angle — do not pro- 
duce results in the cube in the same manner that they do in the slab. 
(Figs. 4 and 5.) 

The lines in the cube (Fig. 4) have a tendency to push out the mate- 
rial half-way up the sides at a &, while they are restrainM Jn^^j^lab 
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(Fig. 5) by the frictional resistance of the steel plates to tlie lat^al 
motion of any parts of the specimen. 





Fig. 5. 

Kow it is evident from the relations of hard slabs, broken by wood 
and steel, that these differences shoald be decreased with wood cashions 
by their yielding to the pressures a' and 6', resolved horizontally. This 
is also evident from the same table, becanse slabs and cubes of the 
same bed-area broken by steel give differences of 50 per cent., while the 
difference between slabs and cubes of the same bed-area, broken by 
wood, is only 5 per cent. And still further, we see that as we rise in 
the height of the prism broken by steel, so that the side-strain cannot 
be absorbed by the very rigid metal, the closer become the relations 
between prisms of different heights. At the same time the results 
obtained with wood and with steel cushions approach each other. 

Could it have been foreseen in an early stage of these trials that the 
results, while fully corroborating those of other experiments so long as 
their methods were precisely copied, yet departed from them very 
widely by change in the form of the specimen, (so widely, indeed, as to 
be in practical opposition thereto,) they would have been carried much 
closer to exhaustion. 

Nor are we debarred from a very close determination of the corre- 
sponding relations, when stone blocks of various forms are crushed 
between disks of wood. In Table I we find that a 1-inch cube of the 
yellowish-gray sandstone breaks at 7,000 pounds. Four of these placed 
side by side would therefore require 5iJ8,000 pounds to crush them. But 
one 2-inch cube breaks at nearly 36,000 pounds, and as the difference 
between a cube of this size, and a slab of the same bed but only half the 
height, both of the same kind of stone, though stronger, and both 
crushed under wood, is only 5 per cent., (Table IV",) we may place the 
2-inch by 2-inch by 1-inch slab of yellowish-gray sandstone at 38,000 
pounds compressive strength. The difference of resistence, therefore, 
between a set of four 1-inch cubes, crushed simultaneously side by side^ 
and four 1 inch cubes, horizontally joined together by its own material, 
or, in other words, a slab 2 inches by 2 inches by 1 inch, is about 10,000 
pounds, the slab being nearly one-third stronger. 

Having thus proved that there is a difference, we will now proceed to 
estimate the phenomena of that difference, and then to show its quanti- 
tative relations. The following data are taken from Table lY: 

II-2 
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Dimensions of prism. 



How broken. 



ftp 

t 






Ah 



t 

i 

1 
1 

1 

2 
2 

2 



2 inches by 2 inches by 1 inch 

IJ inches by 1^ inches by i inches. 

Difference per square inch 



Under steel . 
do .... 



75. 888 
34, 643 



18, 972 
15, 397 



3,575 



2 inches by 2 Inches by 2 inches 

1} inches by If inches by 1} inches., 

Difference per square inch , 



Under steel. 
do 



49, 137 
25,350 



12, 284 
11,266 



1,018 



2 inches by 2 inches by 4 inches. . . . 
li inches oy 1^ inches by 3 inches. 

Difference per square inch 



Under steel. 
do 



43, 980 
*34,000 



10, 995 
10, 666 



329 



* Deduced from l^inch cube, and the 1} inch by 1^ inch by 4 inch columns, Table lY. 

The resalts teach as that slabs increase in resistance per square inch 
greatly as their surfaces are increased. That cubes increase somewhat 
more slowly, about one- third or one- fourth as much. That columns in- 
crease within limits which may be covered by the natural inaccuracies 
of experiment, certainly not more than one-fifth of the cubic increase, 
or one-tenth of that of the slabs. 

Again we accord with the specific experiments of Mr. Hodgkinson, 
while we plainly contradict the law " of the equality of intensity for all 
areas of pressure," which he deduces therefrom, in so far as he claims 
it to be general. 

From this result the following experiments, which conclude this con- 
nection, may now be discussed. 

TABLES I AND II. 

Berea sandstone from the same ledge and stratum, being comparative- 
ly a very uniform stone for a soft one, was selected for these trials. 
There appear to be three kinds of Berea stone : one a rather soft, yel- 
lowish-gray stone with orange bed-lines, probably containing hydrated 
sesquioxide of iron as a pigment. Another, drab-gray in color, rather 
harder, which was not used except in the general table, and which seems 
to run into the two others, and to be less uniform in strength than either 
of them. The third, a bluish-gray stone without bed-marks, harder than 
the others, and of much more compact texture. 

The stones from the tests, of which the lower curve Plate II (Table I) 
was constructed, were broken with wooden cushion-blocks, one-sixteenth 
of an inch thick for the J-inch cubes, and increasing by steps to a little 
over three-eighths of an inch for the 4-inch cube. By an accident all 
these were not taken from one block, though all were of the yellowish- 
gray variety of stone. 

The stones which produced the upper curve, Plate II (Table II) were 
broken with steel plates, were all from the same block, and of the blu- 
ish variety, which, being strong, restricted the upper limit to 2|-inch 
cubes, as the largest that the press would crush with safety. 

The sides of the cubes, increased one-fourth of an inch at each step, 
are shown in inches on the abscissa or horizontal line X. The vertical 
lines Y show the crushing-pressures in pounds per square inch of bed- 
surface, that is, the total resistance of the cube in each case, divided^y 
the number of square inches in one of its faces. 
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The form of the theoretical curve is that of a cubic parabola, with the 
equation 

in which a is the cube of the unit-strain, or the pressure in pounds on 
a 1-inch cube which crushes it. The results were worked out from the 
averages given by the first trials with wood-cushions ; those afterward 
made with steel being carried on to contradict or corroborate them. 

In the lower curve, a is the cube of 7,000 pounds, the force in round 
numbers required to crush a 1-inch cube of the yellowish stone under 
wood ; and In the upper curve, a is the cube of 9,600 pounds, the force 
necessary to crush a 1-inch cube of the blue kind under steel. 

The equation for the lower curve will therefore be, 

2( = 7000x fx 
and for the upper one, 

y = 9500 X Vx 
X being the side of the cube expressed in inches, and y the pressure in 
pounds per square inch of bed-surface at the moment of crushing. 

It will be observed that the lower curve, constructed on the experi- 
mental results given in Table la, makes only an approximative running 
in relation to the theoretical curve constructed according to the calcu- 
lated results of the same table. The upper curve almost coincides in 
seven average points with the calculated curve ; one point — that given 
by the 2J-inch cube — indeed, considerably falls short of its computed 
position. An examination of Table II, however, shows that the 2|-inch 
cubes at this point broke with nearly the same absolute pressure as 
the preceding 2J-inch cubes. We may conclude that these specimens 
came from a soft vein in the block, and that this discrepancy may be 
neglected in view of the close approximation of the other points. 

While the co-ef&cients, 7,000 and 9,500, will of course be different for 
different kinds of stone, they will also vary more or less for each kind 
of stone, .according to the nature of the cushions between which the 
cubes are crushed. But these data once given, the formula would seem 
to afford a ready means for estimating the probable resistance of various 
sizes of building-stone in the form of cubes. 

It appears, then, that, at least within certain limits, the compressive 
resistance of cubes per square inch of surface under pressure increases 
in the ratio of the cube roots of the sides of the respective cubes ex- 
pressed in inches. Thus it will be seen from Table I a that the actual 
resistance of a ^-inch cube, expressed per square inch, was about 6,080 
pounds, (5,558 pounds by calculation.) !N^ow, according to the formula, 
a cube of eight times the length of side of a J-inch cube, in other words, 
a 4-inch cube, should be crushed under a pressure of t^ 3 x 6,080 pounds 
per square inch, or 12,160 pounds. Actually it was crushed by 11,720 
pounds, the difference being only 1 per cent. The calculated pressure 
per square inch of a four-inch cube is 11,112 pounds, being likewise a 
difference of but little more than 1 per cent, from the observed pressure. 

The conclusion is, that having ascertained from an average of several 
careful trials the crushing-resistance of a 1-inch cube, an 8-inch cube of 
the same kind and quality of stone, crushed between the same sort of 
cushions, should show twice as much resistance per square inch of sur- 
face pressed as t&e 1-inch cube; while to produce three times the unit- 
resistance per square inch, the cube must have sides of 27 inches. This 
conclusion was, however, not borne out by experiments made in the 
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Brooklyn navy-yard, referred to farther on. The discrepancy might, 
perhaps, be largely accounted for by the want of uniformity of grain and 
texture in comparatively large blocks. It was subsequently ascertained 
that the accuracy of the testing-machine used was by no means assured! 
The results may, therefore, be set aside for the present. 

In regard to the application of the formula above given, there will 
arise the question as to the relations which exist under it between a 
number of combined cubic inches and a single isolated cubic inch. The 
formula for the pressure on each square inch of bed being 



y=zy XX a 

and the total bed-surface of a combined cube, having sides x inches in 
length, being a^, the whole crushing-power acting on the cube will, 

therefore, be 

Qc^ X V X X a 

The pressure received by each of the individual cubic inches, of which 
we imagine the whole cube to be composed, considering that the whole 
mass contains a number of cubic inches represented by o^, is, therefore, 
equal to — 



Q^ 


X 




= 


y/xxa 

X 


X 


^ 


Sfxx a 



This result shows that while the crushing-resistance per square inch 
of bed-surface increases as the size of the cube is augmented, each indi- 
vidual cubic inch of the whole mass decreases in its power of resistance. 
For instance, by examination of the computed values in Table I a, we 
find that the crushing-resistance of 1-inch, 2-inch, 3-inch, and 4-inch 
cubes per square inch are set down at 7,000, 8,820, 10,095, and 11,112 
pounds, lespectively. But the average crushing-resistance of each 
Individual cubic inch of these same cubes will be in the rapidly descend- 
ing ratio of 7,000, 4,410, 3,365, and 2,778 pounds. 

In this connection some discussion might be entered into concerning 
the ratio existing between the actually destroyed portions and the 
solid fragments of the cubes, as shown in tne sketch of " homogeneous 
stone," Plate I, but it is omitted on account of the length which this 
report has already attained. 

From the curves it follows : That if certain cubes of unit dimensions 
are built together^ with cement equal to their own substance^ into a cube of 
larger dimensions and of homogeneous strength^ the resistance to compres- 
sion per square inch of bed-surface increases as the halfordinates of a cubic 
parabola. 

As before mentioned, it is doubtful whether this law continues into 
the ordinary dimensions of building-blocks, and experiments in Table lY, 
where columnar side-force is taken into consideration, suggest, even 
should it apply to large blocks, that where the height of the wall is 
twice as great as its smallest horizontal dimension, no increased strength 
would be conferred on the wall, even if the cohesion of the mortar to 
the stone and its tensile and compressive strength were equal, respect- 
ively, to the tensile and compressive strength of the stone itself, condi- 
tions which never obtain. 

In practice, the law would apply only to the individual blocks, having 
a height not much, if any, greater than the width of bed ; but whether 
these are of restricted sizes, and, if so, what the largest size is, beyond 
which the formula fails, has not yet been determined satisfactorily. 
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The large cubes to which reference has been made were crushed at 
the Brooklyn navy yard, with a 2,000-ton press, in which was a gauge 
subsequently tested to our test-gauge. Five ll-inch cubes of Berea 
sandstone were crushed. Whether the action of these stones was anom- 
alous from specific causes, or whether from general causes, the law of the 
increase of strength per square inch fails at a particular value of a?, it is 
impossible to say positively without additional trials. But these large 
stones broke invariably by splitting vertically in large flakes or sheets, 
varying from 2 inches to J of an inch in thickness, and quite reg- 
ular over the greatest part of their surfaces of fracture, especially 
the thinner ones. It is by no means impossible that all rocks have, 
more or less, a series of joints, somewhat resembling slaty cleavage, 
along which they open more easily than in any other direction. As the 
thickness of these joints belongs to the material, and is not changed by 
the size of the specimen, it follows, plausibly enough, from an exami- 
nation of the annexed Fig. 6, and from the ordinary laws of 
the bending of columns and sheets transversely to the line 
of pressure, that the two sheets forming the small cube a, 
for example, having a height equal to only twice their width, 
will be crushed in combination rather than bend singly. 
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while those of the large cube A, having a height equal to Fig. 6. 
eleven times the width, will bend and separate rather than crush, and being 
thus bent and separated, will fly off consecutively from the block. This 
was the phenomenon displayed by the 11-inch cubes referred to. They 
crushed at somewhat less recorded resistance per square inch of bed 
than 2-inch cubes of the same stone. All the circumstances of their 
breakage, however, were very unfavorable, the accuracy of the testing 
machine, even, being extremely doubtful. 

MODES OF EXPERIMENT DISCUSSED. 

It was deemed proper, in my first report "on the compressive strength, 
specific gravity," &c., of various kinds of native building stone, submit- 
ted with my letter of July 30, 1874, to refrain from any positive enunci- 
ation of principle, for the simple reason that the experience gained in 
using disks of wood under and over the samples did not seem sufficient 
to justify a claim for special advantages in this departure from the 
usual methods of experiment. Indeed, there was a desire to elicit criti- 
cism upon what had been done, rather than to give prominence to the 
method of doing it. The question of the entire adequacy of this meth- 
od for securing the object in view, and the reasons for adopting it, will 
be discussed as briefly as possible in this report. Kot that this or any 
other manner of trial may be claimed to be the very best that can be 
devised ; but only that, while admitting the necessity of obtaining the 
compressive strength of specimens for special and practical purposes, it 
may be also claimed that it is only by placing these specimens as nearly 
as possible under the exact circumstances which most occur in the com- 
bination of vertical and side strains, developed in actual masonry, that 
we can reach, or make much progress in, a solution of this useful prob- 
lem. 

No one can doubt the usefulness of experiments to obtain the crush- 
ing and tensile resistance of cast or wrought iron, or steel. But having 
these — the compressive and tensile strengths of cast iron, for instance — 
and combining them together to calculate the strength of a rectangular 
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beam, we should find on testing the beam that we had wasted a large amount 
of material, and that it was much stronger than the results obtained by 
calculation indicated. Besides, therefore, the abstract knowledge of 
crushing-strength which we possess, we must also, by some series of 
experiments, combine these and other relations so as to learn whether, 
as in the case of beams and columns, there may not be new forces born 
of the combination, an acquaintance with which would materially add 
to our constructive power. 

Connected with our subject, and therefore of special interest, is the 
discussion made by Mr. Hodgkinson in regard to the breaking of short 
prisms for the purpose of finding the exact crushing-resistance of cast- 
iron. Discovering in his earlier examinations that when these were 
shorter than their sectional diameter they resisted to a far greater ex- 
tout than the metal could do as used practically, he thenceforth ignored 
such tosts, beyond the simple fact of their existence, and confined his 
trials to prisms having a height of one and one-half the diameter or 
more, becatise there the material gave way hy the same laws, atid in the same 
manner J as it does when used to guard human life, or secure valuable prop- 
erty. In these ^rials he first discovered the angular breakage of material, 
and the law of constant direction, under the same conditions. 

In making experiments on stone, it would, from the different nature 
and uses of the material, be evidently improper to follow blindly the 
modes used for cast iron. Here are no flanged girders or hollow columns 
to form culminating points of inquiry. Yet in principle we have the same 
necessity for reasoning directly toward the end to be ultimately attained, 
to watch carefully the character of the material, its mode or modes of 
yielding, the uses to which it is daily put, the peculiar stresses and 
strains which come upon it, and all this, not as an individual stone which 
our curiosity has induced us to investigate, but as the integral part of 
some vast natural structure taken down little by little, and transform- 
ed into smaller artificial edifices. 

In regarding the idea of a crushing- force, the mind is too easily led to 
conceptions of vertical lines of strain, reaching directly from the weight 
at the top to the foundation at the bottom. It need hardly be ^aid to 
engineers that such strains have existence only in the pages of mathe- 
matical applications, and could only be possible under the hypothesis 
of a film of material only 5000^0000 ^^ ^^ ^°^^j ^^ ^^® molecule thick. 
So soon as another film is superadded, oblique arrangements of molecule 
and strain would intervene underpressure, and tangential stresses would 
be developed. If this were not true, there would be no such phenomena 
as angular breakage, spreading under weight, nor any need for bond on 
masonry, but blocks of stone, or brick, or any materials, piled vertically 
one upon another, would, under a destructive load, be gradually com- 
pressed into a smaller volume, within the limits of their original horizon- 
tal dimensions. 

Thus in crushing an individual specimen, the principal lines of strain 
may be symbolized by the lines AB, BD, and AO, CD of the annexed 
figure (7.) A, being the crushing-force, D the resistance, and B and C 
the side- pressures. The angle of 45° is used only for 
simplicity, and because it is the maximum. Now, these 
strains have a tendency to push out the material at B 
and O, and cause either spreading or angular break- 
age, according as the substance is soft and cohesive 
or hard, granular, and brittle, while the resistance is at 
the same time increased or decreased by the rigidity, or 
yielding, or pushing of the foreign surfaces which press 
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upon the object ou the top aud bottom planes at A and D. The nature- 
of these surfaces, then, becomes a matter of great moment, as does also 
the height of the specimen in relation to its diameter, because each 
material has different uses in the arts, and because we know that the 
lines of strain have constant angles for each kind of material — depend- 
ing to some extent, no doubt, on molecular arrangement — when crushed 
under the same circumstances. 

In good masonry, in which the strength of the structure depends upon 
material and bond, stones should never be used of greater height than 
the breadth of the bed. Our experiments, then, unless we should pur- 
posely test for columnal strength, would not be made on objects over a 
cube in height. But early experiments showed that the cube gave quite 
sufficient opportunity for the natural angular breakage of stone, and 
subsequent trials with homogeneous kinds proved that, while slabs less 
than a cube in height, pressed by unyielding surfaces, gave much greater 
resistance than cubes, those higher than the cube to the limit of 
nearly three times the width were but little if any decreased in resist- 
ance by increased altitude. The cube, therefore, was the form depended 
upon for specimens; a determination carried out with greater satis- 
faction from the knowledge that other experimenters with stone had, for 
perhaps other reasons, arrived at the same conclusion. 

Probably th^ first idea which would strike the investigator would be 
to make the pressing-surfaces of the same kind of stone as the speci- 
men to be tested. But this surface must not be continuous, because we 
never build (except when forming a detached column, where each course 
is a single block) by placing one stone directly upon the top of another. 
Necessarily, for the strength of the structure, we introduce what is 
called bond; we have therefore headers and stretchers, and over and 
under each stone there are usually one or two joints, free in dry ma- 
sonry, or filled with adhesive mortar in most works. 

So, to arrive at this point, each object would have to be built in with 
others of its kind, in imitation of usual structures, and we could then 
calculate the several strains, and estimate the various strengths of the 
component parts of our experimental structure by the stresses which 
should be determined for them. This would be an expensive mode, 
would be difficult to tabulate, and would probably have its attendant 
errors, to be eliminated with great toil. We have then only one course 
left ; we must study the strains which shall come upon the stone in 
masonry, and approximate to them as closely as possible in our tests of 
the material. 

In the general case, we must consider that stone blocks are employed 
for building purposes in the form of a wall, and that if such side- 
strains as we have mentioned as coming upon an individual block 
should also be similarly developed in the structure, it would, with excep- 
tional cases, strain the stone seriously only in one line. 

If a wall be built high over a lintel and the lintel be then removed, no 
matter in what manner the wall is bonded, if there be a close juxtapo- 
sition of parts, so that the vertical and side stresses may combine them- 
selves into oblique resultants, the masonry above the opening will not 
fall away in vertical lines from the top of the wall to the jams which sup- 
ported the lintel, as it would if only subjected to vertical stresses, but 
will arch itself over the aperture and support the superincumbent 
courses. The magnitude of the side-stress, then, might be computed 
from the profile of the parts remaining. 

Again, the ordinary pier, such as those too commonly built upon our 
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couuty-roads and sometimes apoD railroads, when yielding by incapacity 

to uphold the weight placed upon it, gives way, as in Fig. 8. At the 

I top and bottom the width of the opening is zero, 

— ^ — but it widens in the middle of its length. It may 

occur in the center if the work is of nearly uniform 

character, or at relatively weak points where it is 

not; but the side-strain is always evident, the two 

sides of the pier being deflected horizontally where 

the greatest strain comes. 

JS'ow, this side-deflection is not produced as in an 
elastic beam mainly by the elongation of the outer 
line and the depression of the inner one, but is the 
Fig. 8. result of a shearing strain alone, the slipping of the 

courses past each other; such an action, in short, as is sometimes cor- 
rected against in arch-thrust, and other important cases, by a vertical 
bond holding each two courses together. Such strains as that shown in 
the pier have torn stones asunder. In fact, stone is more likely to yield 
in this manner, where the work is well put together, than by crushing 
under vertical pressure. 

For really good masonry, the danger may be approximately calculated. 
The stones in Fig. 8 have obviously slipped, because the "bond-grip" 
or '< bight'' was less than the tensile strength of the stone. 

Take a good piece of granite masonry as an example, which shall be 
of first-class design, arrangement, and workmanship, and shall so far 
satisfy the general definition of good masonry, viz, " the smallest quan- 
tity to sustain a certain duty" that the vertical stress and the compress- 
ive resistance of the stone shall balance each other, and that the side- 
strains shall also balance the tensile resistance^ and either of these the 
" bight" coming from friction. 

Let us now assume that the granite block A, of Fig. 8, has been 
pulled by the side-strain from between the stones a and 6; that the wall 
is built of cut stone, without mortar ; that the transverse section of A 
is, for the sake of simplicity, 100 square inches ; and that its bond 
between a and h has the same area. ]S;pw, taking granite at its highest 
tensile strength, say 3,000 pounds per square inch, and we have for the 
resistance to side-strain, by the tensile strength of the stone, 300,000 
pounds. Taking the friction of stone on stone at 0.7, and the vertical 
force which overloads the wall at only 5,000 pounds per square inch, and 
we have 100 x 5,000 x 0.7 = 350,000 pounds. So the stone, if in a dry 
wall, would break rather than move. It is scarcely to be expected that 
good mortar or cement would decrease the strength of the bond, or that 
sandstone, which has nearly the same frictional resistance as granite 
and a tensile strength of less than 1,000 pounds per square inch, would 
give a better wall. 

It is true that stones seldom give way in this manner, because good 
masonry seldom yields at all. Indeed, stone seldom yields by crushing. 
It is a cheap material, and the security is therefore kept high, but the 
benefit and object of experiment is to find the line of danger, and to 
know its true direction we must find its position at more than one 
point. 

We have already chosen cubes for form, because they sufficiently 
secure the natural angular breakage which comes upon the single stone, 
and we have now, from the data exposed, to choose some surface of 
pressure to be applied to that cube, so as to impart to it, as nearly as 
possible quantitatively, the oblique pressures which each stone receives 
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from its combination in the wall. INTow, wood, which of all substances 
spreads its maximum in one direction, and but very little transversely 
thereto, would seem to serve our purpose. A few remarks on this point 
will suffice. 

From Mechanics of Engineering, (Mahan's Mosely,) we have the 
following for the friction of different substances, at rest, which enter 
into our inquiry : 

Co-efficient of friction of plane surfaces when tJiey have been some Ume in co^itact. 

Calcareous oolite stone npon same 0. 74 

Hard calcareous stoDe (muschelkalk) upon oolite 0.75 

Brick npon calcareous oolite , 0. 67 

Muschelkalk upon same 0. 70 

Calcareous oolite upon muschelkalk 0. 75 

Brick upon muschelkalk 0. 67 

Calcareous oolite upon calcareous oolite, coating of mortar 0. 74 

Smooth freestone upon same, dry 0. 71 

Smooth freestone upon same with fresh mortar 0. 66 

Hard, polished calcareous stone upon same 0. 58 

. Hard, polished calcareous stone upon same with rough surfaces , 0, 78 

Well-dressed granite upon rough granite 0. 66 

Well-dressed granite upon rough granite with fresh mortar 0. 49 

Oak upon calcareous stone, upon end of fiber 0. 63 

Oak upon muschelkalk, fibre flatwise 0. 64 

Pear-wood upon stone, (Wiesbach) 0.64 

It is, of course, to be regretted that the friction of pine-wood upon 
stone generally could not be obtained. But the general course of the 
table leads us to take it as a near approximation to the result we seek, 
especially as the pine- wood is, under the pressure employed, as hard 
and tough as oak or pear-wood. Then, too, it may be thought by some 
that, as the wood acts by spreading, the friction of motion would 
be the true stat« to use, which would reduce the friction of wood on 
stone to 0.38 or 0.40, without materially altering that of stone on stone, 
either dry or mortared. But it must be borne in mind that this small 
motion of spreading against the grain of the wood, by searching the 
interstices of the stone, should rather increase the friction than other- 
wise, and is different from the motion of translation of the whole block, 
which would diminish the force by which the molecules of the two ma- 
terials attach themselves to each other. But even if there should be a 
quantitative difference, within bounds, it must be allowed, even if it 
cannot be measured, because, of all substances, wood is the best, if not 
the only one available, for giving the side-pressure in one direction, 
which is what we set out to attain. We know that the surface of the 
wood contiguous to the stone has little or no motion, and that only the 
internal layers, especially the center ones, move with any freedom. The 
friction, therefore, while it will be somewhat less than that given in the 
above table, will not be as low as 0.38 or 0.40, the friction of motion. 

Direct experiments in crushing blocks of different kind of stone be- 
tween cushions of differept material, viz, steel, wood, lead, and lace 
leather, were carefully made, in order to determine the ratio of resistance 
under the various conditions thus imposed. The steel plates were of 
sufficient thickness to be perfectly rigid under the greatest pressure to 
which they were subjected. Their effect is to hold the stone together 
by their frictional resistance to lateral spreading. 

The wood — sheets of pine, a little over a fourth of an inch in thick- 
ness — spreads in one direction with comparative freedom, and thus 
throws a tensile strain on the block. 

The sheets of lead and \aee leather appear to be driven intq the inter- 
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stices of the stone, and, with slight spreading, in all directions, to split it 
into vertical prisms as wood is split by wedges. (See sundry experiments.) 
The first series of the experiments. Table III, was made on Millstone 
Point granite. East Chester marble, and blue Berea sandstone, all no- 
tably tough and first-class building-stones of their kind. The ratio 
obtained for the three taken together, omitting small fractions, was as 
follows, the leather being tried with the sandstone only : 

Steel, 100 ; wood, 94 ; lead, 65 ; leather, 60. 

The second series was made upon stones having nearly or quite as 
compact and close a texture on the ground-surface as the foregoing, 
but were more friable upon the surface of fracture and evidently pos- 
sessed less cohesive and tensile strength. These were the Keene (IsT. 
H.) granite, used for the inside lining of the new State-house at Albany, 
and the Vermont marble, a clear, smooth, and delicate-looking stone. 
From these the following average ratio was obtained : 

Steel, 100 5 wood, 82. x ; lead, 65.— ; leather, 63.5. 

This showed a material change for wood alone, which might occur 
either from the more or less tensile strengths, or have some connection 
with the hardness or softness of the stone. That it was not the latter 
must appear from the following discussion and corroborative experi- 
ments : 

If it were the softness exclusively of the latter stones which produced 
this diminished result with wood-cushions, the difference would increase 
as the softness increases, but it is easy to perceive that a rock might 
be so soft that wood would not measurably spread, nor lead nor leather 
be made to "flow" under the pressure which would crush it, and, there- 
fore, that steel, wood, lead, and leather would at some low point give the 
same result. 

Fortunately, this could be reduced to direct experiment. On hand 
were some Sebastopol limestone, {chalky) three cubes of a soft sandstone,, 
and two sets of cubes of Massillon sandstone. These were all tested 
with the following results. (Table III A.) 





Percentage with cush- 
ions of— 




Kind of stone. 


OQ 


^ 


1 


1 


Bemarks. 


Sebastopol limestone or chalk . . 

Drab-colored sandstone 

Massillon sandstone, Ohio 

Do 


100 

100 
100 

100 


100 

100 
110 

103 


100 

100 
90 

85 


100 
'59.*4' 


Mean of f oarteen cubes, 2 inches by 2 inches. 

by 2 inches. 
Mean of three li inch cubes. 
Mean of sixteen cubes, 2 inches by 2 inches' 

by 2 inches. 
Mean of five cubes, 2 inches by 2 inches by 

2 inches. 





The above table shows about equal results with steel and wood, while 
the real crushing- resistance of the stones tested is much below that of 
the granites and marbles before mentioned. 

It seems, then, that with stones of great hardness and toughness com- 
bined, steel and wood give approximately equal results; that with stones 
which, though hard, are yet deficient in toughness, the peculiar action of 
the wood-cushions spreading sideways, and thus exerting a strain requir- 
ing tensile resistance, causes the stone to be crushed at a lower figure 
than with steel, which latter, as already stated, tends to bind the stone 
together by its rigidity and frictional resistance to lateral pressure.. 
With stones of considerably greater softness, the power of the stone to 

. Digitized by LjOOQIC 



27 



.^ 



resist crashing is overcome before sufficient pressure has been developed 
to bring the action of the wood-fibers on the stone fairly into play. 

Again, we may observe by experiments (Table IV) that when stone i& 
in thinner slabs than cubes, greater strength is obtained to the amount 
of 60 per cent, under the pressure of steel. This is not so with wood, 
as may be observed in the same table, and engineers know that it is not 
so in actual work — that there is no remarked advantage nor disadvan- 
tage when the beds are true in each case. 

Now this must be so, because, while the crushing-resistance is un- 
doubtedly increased by thinness in the slab, the tensile resistance is 
decreased by the lessened number of square inches upon which it acts, 
and thus wood, compared with the experience of actual work, again 
asserts its true quantifative relations. 

Wood has also the faculty of exposing the character of stone which 
suffers from "drys-' or slaty cleavage, a fault which is disguised by lead 
and leather on account of their flowage, and by steel from its perfect 
rigidity. 

The experiments, though far from being completed on this particular 
point, indicate a close relation between the beam or transverse strength 
of stone and its tensile strength ; also, that a divergence between the 
compressive results obtained with steel and with wood cushions is accom- 
panied by a corresponding divergence in transverse strength. 

The beam strength of only two varieties of stone was satisfactorily 
tested, the beams being 2 inches by 2 inches in cross- section, broken on 
supports 2^ inches apart, with the following results, (Table Y:) 

Bast Chester, K Y., marble broke at 4,000 to 4,200 pounds. 

Keene, K H., granite broke at 3,300 pounds. 

The pei*centages of compressive resistance between steel and between 
wood cushions, for the same kinds of stone, were as follows, (Table III :) 

East Chester marble, 100 for steel, 91 for wood. 

Keene, N. H., granite, 100 for steel, 82.6 for wood. 

This points to the existence of some law which cannot be enunciated 
or deduced without further investigation. It is true that stone is never, 
when it can be avoided, placed in positions where it is subjected to a 
transverse strain. Unequal settlement, however, which can rarely if 
ever be entirely prevented, is certain to produce it, and where great 
disturbance from such cause is to be apprehended, only stone possess- 
ing relatively great beam or transverse strength should be used. 

TABLES OF SUNDRY SPECIAL EXPERIMENTS. 

Table I. — Showing the increaaey in reHatancej per square inchf of cubes of yellotoish-grey 
Berea sandsUytie, cls the size of the cube is increased. These were pressed upon by wooden 
cushion blocks^ ranging from one-sixteenth to a little over three-eighths of an inch in thicknesSj 
as the cubes increased, and of the same bed dimensions as the stone. They were all broken on bed 





i" cube.* 


i" cube.* 


t' cube.* 


1" cube. 


li" cube. 


IV'oube. 


If'cube. 




260 
300 
330 
350 
300 
250 
300 
400 


1,400 
1,500 
1,700 
1,500 
1,600 
1,500 
1,500 
1,500 
1,500 
1,500 


4,000 
3,100 
3,200 
3,300 
4,000 
3,900 
3,500 


6,800 
6,950 
6,700 
8,200 
7,200 
7,200 
6,200 
7,700 
5,950 


9,200 

13,450 

11,200 

. 10,200 

9,700 
10,200 
11,900 
13,200 
14,200 


17,200 
19,200 
16,200 
19,200 
19,700 
17,000 
20,200 
19,400 
17,800 
19,200 


29,200 
33,000 
25,800 
30,400 
36,200 
26,600 
28,200 
29,800 






27,400 






















Total 


2,490 


15,200 


25.000 


62,900 


103,250 


185,100 


256,600 




Average . --. 


312 


1, 520 


3,570 


6,990 


11, 472 


18, 510 


28,510 






Square inch 


4,992 


6,080 


6,347 


6,990 


Trg^tfze 


JbytL??t 


o^pe 
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Table I. — Incredsey in resistancey per square inchj ^c. — Continued 





2" cube. 


2i" cube. 


2i" cube. 


2i" cube. 


3" cube. 


4" cube. 




32,200 
32,200 
25,700 
42, 200 
26,800 
43,200 
37,700 
43,200 
39,200 


Cracked. 
45,200 
43,200 
43, 2U0 
50,200 
46,200 
47,200 
48,200 

Cracked. 


53,200 
50,200 
52,200 
66,200 
53,200 
57,200 
65,200 
50,200 
50,700 
55,200 


75,200 
69,200 
74,200 
68,200 
70,200 
74,200 
69,200 
78,200 
84, 200 
81,200 


94,200 
90,200 
89,000 


187,500 




















































Total 


322, 400 


323, 400 


553,500 


744, 000 


273, 400 


187,500 






Average 


35,822 


46,200 


55, 350 


74, 400 


91, 133. 


187, .500 






Square inch 


8,955 


9,130 


8,856 


9,8:18 


10,125 


11,720 







* It must be remembered that below a certain point per square inch, say seven or eight thousand 
pounds, the peculiar influence of wood becomes nothing ; the strength of these is therefore relatively 
ncreased. 
i 

Table II. — Showing the increase in resistance per square inch of cubes of blue Berea sand- 
stonCf as the size of the cube is increased. These were pressed upon by hardened-steel sur- 
faces. They were all broken on bed. 





1" cube. 


li"oube. 


li" cube. 


li" cube. 


2" cube. 


2i" cube. 


2i" cube. 


Zl" cube. 




9,400 

12,200 

10,800 

11,800 

7,800 

10,200 

7,800 

11, 100 

7,800 

7,800 

7,800 


15,000 

15, 800 
17, 400 
19, 800 

16, 700 
15.240 
15,800 
15,000 
16,200 
13,800 


25,000 
28,600 
19,800 

(M 
20. 600 
28,600 
27,800 
22,200 
20,600 


34, 200 
40,600 
30, 000 
38, 200 
25,400 
41, 800 
23,800 
40, 600 
39,000 


56,800 
38,200 
. 50,300 
50,200 
50,200 
30,200 

5:j,800 

42,800 
53,800 
53,800 


69, 300 
47,800 
47, 800 
53,100 
79,800 
70,800 
65,000 
70,800 
59, 800 
69,300 


65,800 

65, 800 
52,800 
59,300 

66, 800 
72,300 
65,800 

67, 800 
81,800 


94,000 
*100, 000 
*100,000 
*100, 000 
$1,500 
95,000 
*100, 000 




































Total 


104, aoo 


160, 740 


193,200 


313, 600 


480, 100 


633, 500 


598, 200 








Average 


9,500 


16, 074 


24,150 


34, 844 


48, 010 


63,350 


66, 466 


100,000 


Square inch . . . 


9,500 


10,300 


10,730 


11, 377 


12,000 


12,500 


10,635 


13,900 



* Not broken. Average therefore deduced. 



t Cracked. 



Tables la and Ila. — Showing the calculated ordinates of cubic parabolas^ deduced from the 
annexed formulas j compahd unth the actual averages obtain^ by breaking the stone, as 
shown more in detail in Tables I and IL 



Table la. 


Table Ila. 


X 


Value of y de- 
duced from 
calculation. 


Value of y de- 
duced from 
experiment. 


X 


Value of y de- 
duced from 
calculation. 


Value of y de- 
duced from 
experiment. 


^inch 


4,410 
5,558 
6,356 
7,000 
7,539 
8,015 
8,435 
8,820 
9,170 
9,499 
9,807 
10,095 
11, 112 


4,992 
6,080 
6,347 
6,990 
7,342 
8,226 
9,310 
8,955 
9,130 
8,855 
9,838 
10, 125 
11,720 


1 inch 


9,500 
10,231 
10,877 
11, 447 

11, 970 

12, 445 
12, 895 
13,309 




iinch 

finch 




linch 


9,500 


li inches 


1| inches 

li inches .'. 

IJ inches 

2 inches 

2i inches 

2i inches 

2i inches 


10,300 


1^ inches 


10,730 


Uinches ,. 

2 inches 


11,377 

i^a.000 


2i inches 


12,500 


2^ inches 


jo. 635 


2i inches 


13,200 


3 inches 




4 inches 






; 


3 

y= V a; .7000 


r 
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Table III. — Showing the resistances in total amount of 2-inch cubes of different hinds of 
stone, and of different qtiaUties of the same kind of stone, under various surfaces of press- 
ure. The beds of the granite and marble cubes were rubbed to the border of polish ; those 
of sandstone were rubbed smooth. 



Kind of stone. 


Steel. 


Wood. 


Lead. 




Granite, Millstone Point, Conn 


93,000 
91,000 
96,000 
91.000 


89,000 
100, 000 
88, 000 
89, 000 


68,000 
66,000 
60,000 
57,700 
















Average 


92,750 


91,500 


62,925 








Percentage .- 


100 


98.6 


67.8 








Marble. East Chester. N. T 


80,000 

*54, 000 

76, 000 

96,000 


72,500 
73, 125 
*67,000 
*68, 000 


47,000 
51,0i'0 
48,000 
39,000 




















Average n ^^,.,., ,-r.,...^.,.,, 


76,500 


70,156 


46,250 








PercentafiTO .. .. ........... . .... 


100 


91.7 


62.4 








Sandstone, Berea, Ohio, (blaish-gray kind) 


42, 600 
54.000 
39, 480 
41,800 
47, 240 


42,600 
45, 000 
37, 000 
42, 600 
■ 38,600 


24,360 
31, 400 
32,200 
33, 800 
25.800 


26,600 




26,800 
27, 240 
27,000 
27,000 


Average 


45, 024 


41, 160 


29, 512 


26,928 


Percentage 


100 


91.4 


65.5 


59.8 






Keene, N. H., granite, used in inside of new oapitol Albany, 
N. Y. 


100, 000 
92,000 
96, 000 


83. 000 
84,000 
71, 000 


55, 700 
59,500 
58,500 


^5,700 
60,000 
63, 000 


Average 


96.000 


79, 333 


57,900 


62,900 






Percentage - 


100 


82.6 


60.3 


65.5 






"Vermont marble, Vt ." 


56,000 
54,300 
51, 100 
51, 100 


42,600 
43, 400 
45, 000 
42,600 


37,960 
37,650 
39, 400 
32,200 


27,200 
31, 400 
34,600 
37. 800 




Average 


53,125 


43, 400 


36,802 


32,750 






Percentage 


100 


82 


69.4 


61.6 







*Tbe one nnder steel probably flawed; the two underwood slivered. Calculating the two would 
make the difference in the two columns about the same, so they were left as recorded on the gauge. 



General average percentages from Table III. 



Kiud of stone. 


Steel. 


Wood. 


Lead. 


Leather. 


First granite 


100 
100 
100 
100 
100 


98.6 
82.6 
91.7 
82.0 
91.4 


67.8 
60.3 
62.4 
69.4 
65.5 




Second granite ^ 

First marble 


65.5 


Second marble 


61.6 


First sandstone ...... 


59 8 






General average 


100 


89.2 


65.1 


62 3 






(Or omitting decimals) average 


100 


89.0 


65.0 


62.0 







Digitized by 



Google 



30 

Table III— A. 



^nd of stone. 


Steel. 


Wood. 


Lead. 


Leather. 


Limestone, (chalk,) Sebastopol, mean of 14 cubes 2" x 2" x 2", 
all breaking at nearly same. 


4,300 


4,300 


4,300 


4,300 


Percentaire . ..... ............... 


100 


100 


100 


100 






Sandstone, drab, 3 cubes, 1^' ^ all 


9,000 


9,000 


9,000 


• 






Percentage 


100 


100 


100 








Sandstone from Massillon, Obio, S-inch cubes 


37,000 
31,000 


37,000 
33, 000 


29, 000 














Average - 


.34,000 


35, 000 


29,000 








Percentage * 


100 


103 


85 








Another and softer sandstone from Massillon, Ohio, 2-inch 
cubes. 


29,800 

*17, 600 
22,600 
21, 000 


28,444 

29,800 
26, 766 
22.600 


17,800 

23,400 
25, 080 
21,720 


13, 000 

14, 600 
14,600 
16,000 


Average 


22,640 


26, 901 


22,000 


14,550 






Percentage 


100 


118.8 


97 


64 






* Omitting this result, and the percentage becomes 


100 


110 


90 


59.4 


Sebastopol limestone, in slabs 2^' x 2^' x 1" 


4,700 
4,500 


4,900 
4,500 


5,000 
4,700 


4,500 
5,000 


Average ..-.; 


4,600 


4,700 


4,850 


4,750 






Percentage, (probable) 


100 


100 


100 


100 







Table IV. — Showing the resistance of prisma of hlue Berea sandstone having diffet'ent 
heights in relation to the toidth of hedf and broken under steelj wood, lead, and leather. 
The table is subdivided for convenience of r^erence in the discussion. The specimens were 
all taken from one block. 





2" X 2" X 1" 


2" X 2" X 2" 


2" X 2^' X 4" 


ly X IJ" X i" 


l^'y. li"x IJ" 


IJ" X IJ" X A" 


Broken between steel 
cushions ' 


64,000 
83,000 
87,500 
75.700 
73,800 
65,100 
82,100 


58,000 
39,400 
51,500 
51,400 
hi, 400 
31, 400 
55,000 
55, 000 


47,000 
35,400 
48,200 
42,200 
47,100 


32,600 
32,200 
30, 200 
38,840 
33,000 
40,280 
37, 100 
33,000 


26,200 
29.800 
21,000 
21, 800 
29,800 
29,000 
23,400 
21,800 


21,960 
21,000 
24,800 
21,800 
22, 600 






















Averages 


75,888 


49, 137 


43, 980 


34, 643 


25,350 


22,432 




2" X 2" X V 


2" X 2" X 2" 


2" X 2" X 4" 


2" X 2" X 6" 




40,000 
41,000 
42,000 
46,000 
39,000 
50,000 
50,000 
41,000 
49, 000 
44,000 
45,000 
55,000 
52, 000 
44,000 


46, 000 
45,000 
45, 000 
44,000 
43,000 
44,000 
40,000 


37.000 
40,200 
33,800 
34,600 
40,200 


41,000 
40, 200 
40, 200 
39,400 
34,600 
39, 400 


Broken between wood 


cushions I 




31, 400 


1 
























































Averages 


45 R71 


43 f^i 


37 160 


38,028 


m. .. 
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Table IV.- 


—Besiatance of hlue Berea sandstone^ ^c— Continued. 






Steel. 


Wood. 


Lead. 


Leather. 


Slabs of 2" X 2" x 1" -.i 


75,000 
61,800 
70,200 
71,200 


49,200 
48,800 
43,200 
47,800 


37,800 
26,209 
29,000 
30,000 


17,000 
19,000 




I 


22,390 
27,400 


Averages 


69,550 


47,250 


30,750 


21,430 






Percentage 


100 


67.9 


44.2 


30.8 







Tablb V. — Beams 2"x 2"x 6"; bed 6"x 2", reaUng on pine blocks, and broken by torought-iron 
cylinder ^ inch diameter across center ; supports 2^ inches apart. 



Granite. 
Millstone Point, Conn. 


Marble. 
East Chester. 


Granite. 
Keene, N. H. 


4,000 to 4,500 


4,000 to 4,200 


3,300 



Records not fully satisfactory, but sufficiently approximate for relative results. The 
East Chester marble and Keene, N. H., granite records can both be relied on ; those of 
the Millstone Point granite cannot. 

Table YI. — Showing the difference in resisting power between stones broken with wooden- 
citshions — when their beds are polish^ — and stones toith same pressing surface when only 
worked to clear beds. 



Kinds of stone. 



Polished. Unpolished. 



Granite : 

Qainoy, Mass 

Stateu Island, N. Y . . . 

Garrison's, N. Y 

Tarrytown, IS.Y 

Millstone Point, Conn. 

Keene, N.H , 

Westerly, R. I 



99,000 
100,000 
86,500 
95,000 
91,500 
79,3X5 
94.000 



71,000 
89,000 
.^,500 
73,000 
75,000 
51,000 
71,000 



Difference 25 per cent., (nearly) . 



645,333 



483,500 



Marble : 

East Chester, K.Y... 
Vermont marble, Vt . 



70,156 
43,400 



51,800 
35,000 



Difference 25 per cent., (nearly) 



113,556 



86,800 



Table Via. — General average percentage of the crushing-strength for various classes and 
qualities of stones referred to unpolished stones between wood cushions as a standard. 





Polished stone crushed between cush- 
ions of— 




Steel. 


Wood. 


Lead. 


Leather. 


For all kinds of polishable stones 


147 


133 


97 


93 






N 


Unpolished stone crushed between cush- 
ions of— 




Steel. 


Wood. 


Lead. 


Leather. 


Sandstones and nnpolisbable stones breaking above 10,000 

poands per square inch. 
Between 10,000 and 8,000 ponnds 


110 
100 
100 
100 


100 
100 
100 
100 


73 

8:^ 

85 


67 


Between 8,000 and 6,000 ponnds 


AK 


At 1,000 pounds per square inch 


100 : inn 
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PLATE 1. 

DIAGRAM OF CRFSHED CUBES OF STO^E . 



HOHOGSNEOirS STONE. 



CRAHaTE. 
39 



GRANITE. 
46 



BED. 

SANDSTONE. 
54 



GRANITE. 
45 




BED. 

SANDSTOIfE. 
51 




BED. 
SANDSTONE. 



KUCII . 



T^ED, 
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. SCIENTIFIC BOOKS 

PUBLISHED BY 

D. Yan Nosteand, 

23 Murray Street & 27 Warren Street, 
NEW YORK. 



Weisbaeh's Meohanios. 

Fourth Bdmcrn. MiB^iged^'^ 

870. Cloth. $io.oa 

A MANUAL OP THEOEETICAp MEtJHAIflOS. By 
Julius Weisbaoh, Ph.D. Translated from the fourth aug- 
mented and improved German edition, with an introduction 
to the Calculus, by Eckley B. Coxe, A.M., Mining 
Etigineer. 1,100 pages, and 902 wocki-cut illustrations. 

Abstract of ConthntIs.— Introduction to the OaJeulns— ^The General 
Pttnoiples of Mechanics — PhorOnoitiics, or the Purely Mathematical Theory 
ol Motion — Mechanics, or the General Physical Theory of Motion -Statics of 
Kigid Bodies— The Application of Statics to Elasticity and Strength — ^Dynam- 
ics of Bigid Bodies -Statics of Fliiidd >I>yiiaimed of FlJiids-^The' Theory 
of OsciUation, etc. 

" The present edition is an entii^ly new yj^rk, greatiy extended and very 
much improved. It forms a text-book which niast find its way into the hands, 
ndt only of every student, but of every engineer whodesires to refresh his mem- 
ory or acquire clear ideas on doubtful points.'' — Hitdiiufaeturer and Builder. 

** "We hope the day is not far distant when a* thoroiigh course of study and 
education as such shaU be demanded of the practisiiig engineer,' and with this 
view we are glad to welcome this translatidn to our tongue and shores of one" 
of the most able of the educators' of BvLtope,'*—^TK6 TechiudoffuH, 
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Francis' Lowell Hydraulics. 

Third Edition. 

4to. Cloth. $15.00. 

LOWELL HYBRA.ULIC EXPEEIMENTS — being a Selec- 
tion from Experiments on Hydraulic Motors, on the Flow of 
"Water over Weirs, and in Open Canals of Uniform Eectangular 
Section, made at Lowell, Mass. By J. B. Francis, Civil Engineer. 
Third edition, revised and enlarged, including many New Ex- 
periments on Gauging Water in Open Canals, and on the Flow 
through Submeifged Orifices and Diverging Tubes. With 23 
copperplates, beautifully engraved, and about 100 new pages of 
text. 

The work ia diyided into parts. Pabt L, on hydraulic motors, includes 
ninety-two experiments on as. improyed Foumeyron Turbine Water-Wheel, 
of about two hundred horse-power, with rules and tables for the construction 
of similar motors ; thirteen experiments on a model of a centre-vent water- 
wheel of the most simple design, and thirty-nine experiments on a centre-vent 
water-wheel of about two hundred and thirty horse-power. 

Pabt II. includes serenty-four experiments made for the purpose of deter- 
mining the form of the formula for computing the flow of water orer weirs; 
nine experiments on the effect of back-water on the flow over weirs; eighty- 
eight experiments made for th^ purpose of determining the formula for com- 
puting the flow over weirs of regpilar or standard forms, with several tables 
of comparisons of the new formula with the results obtained by former experi- 
menters; five experiments on the flow over a dam in which the crest was of the 
same form as that built by the Essex Company across the Merrimack River 9,i 
Lawrence, Massachusetts; twenty-one experiments on the effect of observing 
the depths of water on a weir at different distances from the weir ; an exten- 
sive series of experiments made for the purpose of determining rules for 
gauging streams of water in open canals, with tables for Militating the same; 
and one hundred and one experiments on the discharge of water through sub- 
merged orifioes and diverging tubes, the whole being fully illustrated by 
twenty-three doable plates engraved on copper. 

In 1855 the proprietors of the Locks and Canals on Merrimack River con- 
sented to the publication of the first edition of this work, which contained a 
selection of the most important hydraulic experiments made at Lowell up to 
that tune. Li this edition the principal hydraulic experiments made there, 
subsequent to 1855, have be^m added, including the important series above 
mentioned, for determining rules for the gauging the flow of water in open 
canals, and the interesting series on the flow through a submerged Venturi's 
in.be, in which a larger flow wa« obtained than any we find recorded. 
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Williamson^s Meteorological Tables. 

4to. Flexible Cloth. $2.50. 

PRACTICAL TABLES IN METEOROLOGY AKD HYPSO- 
METRY, in connection with the use of the Barometer. By Col. 
R. S. Williamson, U. S. A. 



MerriU's Iron Truss Bridges. 

Third Edition. 

4to. Cloth. $5.00. 

IRON TRUSS BRIDGES FOR RAILROADS. The Method of 
Calculating Strains in Trusses, with a careful comparison of the 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel William: E. Mekkill, U.S.A., 
Major Corps of Engineers. Nine lithographed plates of illustra- 
tions. 

" The work hefore us is an attempt to give a basis for sound reform in this 
feature of railroad engineering, hy throwing < additional light upon the 
method of calculating the maxima strains that can come upon any part of a 
bridge truss, and upon the manner of proportioning each part, so that it shall 
be as strong relatively to its own strains as any other part, and so that the 
entire bridge may be strong enough to sustain several times as great strains 
as the greatest that can come upon it in actual use.' " — Scientific American. 

** The author has presented his views in a clear and inteUigent manner, and 
the ingenuity displayed in coloring the figures so as to present certain iacts 
to the eye forms no inappreciable part of the merits of the work. The reduc- 
tion of the ' formulae for obtaining the strength, volume, and weight of a cast- 
' iron pillar xmder a strain of compression,' wiU be very acceptable to those who 
have occasion hereafter to make investigations involving these conditions. As 
a whole, the work has been weU done.** — Railroad Qaeette, Chicago. 



Allan's Theory of Arches. 

18mo. Boards. 50 cts. 

THEORY OP ARCHES. By Prof. W. Allan, formerly of 
Washington and Lee University. Illustrated. 

'* This little volume is an amplification and explanation of Prof. Rankine's 
chapters on this subject." 
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Shreve on Bridges and Roofs. 

8yo, 87 wood-out illtutratiotu. Cloth. $5.00. 

A TREATISE ON THE STRENGTH OF BRIDGES AND 
ROOFS^— comprising the determination of Algebraic formulas 
for Strains in Horizontal, Inclined or Rafter, Triangular, Bow- 
string, Lenticular and other Trusses, from §xed and moving 
loads, with practical applications and examples, for the use of 
Students and Engineers. By Samuel H. Shbeye, A.M., Civil 
Engineer. 

•On the whole, Mr. Shreve has produced a hook which is the simplest, 
clearest, and at the same time, the most systematic and with the hest math- 
ematical reasoning of any work upon the same subject in the language." — 
BaUroad Gazette. 

" From the unusually clear language in which Mr. Shreve has given every 
statement, the student will have but himself to blame if he does not become 
thorough master of the Bnbject"— London Mining Journal, 

"Mr. Shreve has produced a work that must always take high rank as a 
text-book, * * * and no Bridge Engineer should be without it, as a 
valuable work of reference, and one that will frequently assist him out of 
idfELcn\tiG9."-^FrankUn iMtitute Journal, 



The Kansas City Bridge. 

4to. Cloth. $6.00 

WITH AN ACCOUNT OF THE EEGIMEN OP THE MIS- 
SOURI RIVER, and a description of the Methods used for 
Founding in that River. By 0. Chanutb, Chief Engineer, and 
Geobgb Mobisok, Assistant Engineer. Illustrated wdth five 
lithographic views and twelve plates of plans. 

Illustrations, 



Views.— View, of the Kansas Oity 
Bridge, August 2, 1869. Lowering 
Caisson No. 1 into position. Caisson 
for Pier No. 4 brought into position. 
View of Foundation Works, Pier No. 
4. Pier No. 1. 

Plates. — I. Map showing location 
of Bridge. 11. Water Record— Cross 
Section of River — Profile of Crossing 



tion Works, Pier No. 8. tV. Founda- 
tion Works, Pier No. 4. V. Founda- 
tion Works, Pier No. 4 VI. Caisson 
No. 5— Sheet Piling at Pier No. 6— 
Details of Dredges — Pile Shoe — Beton 
Box. VII. Masonry — Draw Protec- 
tion — False Works between Piers 8 
and 4 "Viil. Floating Derrieks. 
IX. General Elevation — lt6 feet span. 



—Pontoon Protection. HI. Water I X. 248 feet spam XL Plans of Draw. 
Deadener — Caisson No. 2 — ^Founda | XTT. Strain Diagrams. 
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darkens Quincy Bridge. 

4to. Oloth. t7.«). 

DESCRIPTION OF THE IKON RAILWAY Bridge across the 
Mississippi River at Quincy, Illinois. By Thomas Curtis Clabke, 
Chief Engineer. Illustrated with twenty-one lithographed 
plans. 



Barba on the Use of Steel. 

13mo. Blustiated. Cloth. $1.50. 

THE USB OF STEEL IN CONSTRUCTION. Method of 
Working, Applying, and Testing Plates and Bars. By J. 
Barba, Chief Naval Constructor. Translated from the 
French, with a Preface, by A. L. .Hollex, P.B. 



Whipple on Bridge Bmlding. 

8vo, niustrated. Cloth. $4.00. 

AN ELEMENTARY AND PRACTICAL TREATISE ON 
BRIDGE BUILDING. An enlarged and improved edition of 
the Author's original work. By S. Whipple, C. E., Inventor of 
the Whipple Bridges, &c. Second Edition. 

The design has been to develop from Fandftmental Principles a system easy 
of oomprahension, And subh aa to enaible the attentive reader and student to 
judge undentandingly for himself, as to the relatire merits of different plans 
and combinations, and to adopt for use such as may be most suitable for the 
eases he may haye to deal with. 

It is hoped the work may prove an appropriate Text-Book upon the subject 
treated of, for the Engineering Student, and a tiseful manual for the Pvaotio- 
ing Engineer and Bridge Builder. 
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Stoney on Strains. 

New and Revised EdUian^ wUh numerous illustrations. 

Eoyal 8vo, 664 pp. ClotK $12.50. 

THE THEORY OF STEAIN8 IN GIRDERS and Similar Struo- 
tures, with Observations on the Application of Theory to Practice, 
and Tables of Strength and other Properties of Materials. Bj 
BiiTDOK B. Stowbt, B. a. 



Roebling^s Bridges. 

Imperial folio. Cbtli. $25.00. 

LONG AND SHORT SPAN RAILWAY BRIDGES. By Jomr 
A. RoEBLn^G, 0. E. Illustrated with large copperplate engrav- 
ings of plans and views. 

List of Plates 

1. Parabolic Trass Railway Bridge. 2, 8, 4, 5, 6. I>etails of Parabolic 
Truss, with centre span 500 feet in the clear. 7. Plan and View of a Bridge 
over the Mississippi River, at St. Louis, for railway and common travel. 8, 9, 
10, 11, 12. Details and View of St. Louis Bridge. 13. Railroad Bridge over 
the Ohio. 



Diedrichs' Theory of Strains. 

8vo. Cloth. $5.00. 

A Compendium for the Calculation and Construction of Bridges, 
Roofs, and Cranes, with the Application of Trigonometrical 
Notes. Containing the most comprehensive information in re- 
gard to the Resulting Strains for a permanent Load, as alsp for 
a combined (Permanent and Rolling) Load. In two seotions 
adapted to the requirements of the present time. By John Dis]>- 
BiCHS. Illustrated by numerous plates and diagrams. 

'^ The want of a compact, universal and popidar treatise on the Construc- 
tion of Boofs and Bridges — especially one treating of the influence of a varia- 
ble load— «nd the unsatiB&ujtory essays of different authors on the subject, 
induced me to prepare €his work.'' 
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Jacob on Retaining "Walls. 

18mo. Boards. OOcts. 

PRA.CTICAL DESIGNING OF EETAINING WALLS. 
Abthub Jacob, A. B. 



By 



Oampin on Iron Roofs. 

Larg« 8yo. Cloth. $2.00. 

ON THE OONSTEUOTION OP lEON ROOFS. A Theoretical 
and Practical Treatise. By Peajitcis Ca.mpin. With wood-cuts 
and plates of Hoofs lately executed. 

'^ The mathexnatioal formulas are of an elementary kind, and the process 
admits of an easy extension so as to embrace the prominent varieties of iron 
trass bridges. The treatise, though of a practical scientific character, may be 
easily mastered by any one familiar with elementary mechanics and plane 
trigonometry." 

HoUey's Railway Practice. 

IvoLfoUo. Cloth. $12.00. 

AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 
the Economical Generation of Steam, including the materials 
and construction of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, Super-heating, Supplying 
and Heating Feed-water, &c., and the adaptation of Wood and 
Coke-burning Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &c., &c. By ALsxAimss L. Hollbt, B. P. With 77 
lithographed plates. 

'' This is an elaborate treatise by one of oar ablest ciyil engineers, on the con- 
Btruction and use of looomotiyes, with a few chapters on the building of Rail- 
roads. » * * All these subjects are treated by the author, who is a 
first-class railroad engineer, in both an intelligent and intelligible manner. The 
facts and ideas are well arranged, dhd presented in a clear and simple style, 
accompanied by beautiful engravings, and we presume the work will be regard- 
ed as indispensable by all who are interested in a knowledge of the construc- 
tion of railroads and rolling stock, or the working of looomotives." — ScierUific 
Atneriean. 
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Henricfs Skeletcm Stractiires. 

SKELETON STBUGTUBES, especially in their Application to 
the buildmg of Steel and Iron Bridges. By Olaus Hjbn£ici. 
With folding plates and diagrams. 

By presenting theee general examiinatV>n8 on Skeleton -Struotures, witk 
portioular application for Suspended Bridges, to Engineers, I renture to ex- 
press the hope that they will reoeiYe these theoretical results with some confi- 
dence, even although an opportimity is wanting to compare them with practi- 
cal results. O. H. 



Useful Iixtonnation for Railway Men. 



Pocket form. Morocco, gilt, (2.00. 



Compiled by W. G. Hamilton, Engineer, 
and enlarged. 570~pageg. 



Sixth edition, revised 



" It embodies many valuable fonaiLUe and reoipes useful for railway men, 
and, indeed, for almost every class of persons in the world. The ' informa- 
tion ' comprises some valuable formuls and rules for the construction of 
boilers and .engines, ma^onfy, properties of steel fnd vksd^ a^d the sti^iiiglh 
of material generaUy.''---:i2(u(2ra^ Qog^y CMcagq, 



The Mechanic's Friand. 

Idmo. Clotbu aOO lUustrations. $1J50. 
THE MECHANIC'S FRIEND : A Collection of Beceipts and 
Practical Suggestions, Relating to Aquaria — Bronzing — 
Cements — Drawing — Dyes — Electricity — Gilding — Glass- 
Workii^ — Glues — Horology —Lacquers — Locomotives — Mag- 
netism — Metal- Working — Modelling — Photography — Pyro- 
techny — ^ Railways — Solders — Steam-Engine — Telegraphy — 
Taxidermy — Varnishes — Waterproofi ng — and Miscellaneoi^s 
Tools, Instruments, Macl^iues, and Processes connected with 
the Chemical and Mechanical Arts. By William E. Axok, 
M.R.S.L. 
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Kirkwopd on Filtration. 

4to. Glotli. fl5.00. 

REPOET ON THE FILTRATION OF RIVER WATERS, for 

the Supply of Cities, as pvaotised in Europe, made to the Board 
pf Water Commission's of the City ctf 8t. Louis. By James P. 
KiKKwooD. Illustrated by BO double-p]ate engravings. 

Contents. — ^Report on JFUtcatioii-TLondoa Works, G^eneral — Chelsea 
Water Works and Filters— Lambeth Water Works and Filters— Southwark 
and Vaux^iall Water WQiics,aAd Jiltas— rCband JTnnetion Water Works and 
Filters— West Middlesex Water Works and Filters— New River Water 
Works and Filters — East London Water Works and Filters — Leicester Water 
Works and Filters— York Water Werfep .and Filters— Liverpool Water Works 
and Filters— Edinburgh Water Wozks and Filters— Dublin Water Works 
and Filters — Perth Water Works and Filtering Gullery — ^Berlin Water 
Works and Filters — Hamburg Water Works and Reservoirs — ^Altona Water 
Works and Filters — Tours Water Works and Filtering Canal — Angers Water 
Works and Filtering Galleries— :Nantes Water Works and Filters — ^Lyons 
Water Works and Filtering Galleries — ^Toulouse Water Works and Filtering 
Gralleries — Marseilles W^-ter Works and Filters — Genoa Water Works bsx^ 
Filtering Gralleries — Leghorn W^r Worjjw and Oiatems— Wakefield Watf r 
Works and Filters — Appfindjiy. 



Timner on HoU-Tuming. 

1 voL 8vo. find 1 vo^ platea. $10.00. 

.A TREATISE ON BOLL-TURiaNG FOR THE MANIIFAC- 
TURE OF IRON. By V^m Titnsjir. Translated and adapted. 
By John B. Peahsb, of the Pe&nsylvania Steel Works. With 
numerous wood-cuts, 8vq,, together with a foHo atlas of 10 litho- 
graphed plates of Rolls, Measurements, &c. 

" We commend this book s^. a cleWf elaborate, and practical treatise upon 
the department of iron manufacturing operations to which it is devoted. 
The writer states in his preface, that for twenty-five years he has felt thje 
necessity of such a work, and h^ evidently brought to its preparation the 
fruits of experience, a painstaking regard for accuracy of statement, and a 
desire to furnish information in ^ style readily understood. The book should 
be in the hands of every one interested, either in the general practice of 
mechanical engineering, or the special branch of manufacturing operations to 
which the work relates.' — Am^riccm Artiian. 
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Jacob on Storage Reservoirs. 

18mo. Boards. 50 cts. 

THE DESIGNING AND CONSTEUCTION OP STORAGE 
EESERVOIRS. By Aethue Jacob, B. A. With tables and 
wood-cuts representing sections, etc. 



Hewson on Embankments. 

8vo. Cloth. $3.00. 

PRINCOPLBS AND PRACTICE OF EMBANKING LANDS 
from River Floods, as applied to the Levees of the Mississippi. 
By "William Hewson, Civil Engineer. 

" This is a valuable treatise on the principles and practice of embanking 
lands from river floods, as applied to the Levees of the Mississippi, by a highly 
intelligent and experienced engineer. The author says it is a first attempt 
to reduce to order and to rule the design, execution, and measurement of the 
Levees of the Mississippi. It is a most useful and needed contribution to 
scientific literature. — Philadelphia Mwning JowmaL 



Grniner on Steel. 

8vo. Cloth. $8.50. 

THE MANUFACTURE OF STEEL. By M. L. GHUifEE, trans- 
lated from the French. By Lenox Smith, A. M., E. M., with an 
appendix on the Bessemer Process in the United States, by the 
translator. Illustrated by lithographed drawings and wood-cuts. 

" The purpose of the work is to present a careful, elaborate, and at the 
same time practical examination into the physical properties of steel, as well 
as a description of the new processes and mechanical appliances for its manufac- 
ture. The information which it contains, gathered from many trustworthy 
sources, wiU be found of much value to the American steel manufacturer, 
who may thus acquaint himself with the results of careful and elaborate ex- 
periments in other countries, and better prepare hinlself for successful com- 
petition in this important industry with foreign makers. The fact that this 
volume is from the pen of one of the ablest metaUurgists of the present day, 
cannot fail, we think, to secure for it a favorable consideration. — Iron Age, 
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Bauerman on Iron. 

12mo. Cloth. $2.00. 

TEEATISE ON THE METALLTJEGY OP lEON. Contain- 
ing outlines of the History of Iron Manufacture, methods of 
Assay, and analysis of Iron Ores, processes of manufactui'e of 
Iron and Steel, etc., etc. By H. Battebhan. Eirst American 
edition. Beyised and enlarged, with an appendix on the Martin 
Process for making Steel, from the report of Abram S. Hewitt. 
Illustrated with numerous wood engravings. 

<' This is an important addition to the stock of technical works published in 
this country. It embodies the latest facts, disooveries, and processes con- 
nected with the manufaoture of iron and steel, and should be in the hands of 
every person interested in the subject, as well as in all technical and scientific 
libraries." — ScierUiJh American, 



Link and Valve Motions, by W. S. 
Aiichincloss. 

Sixth Edition. 8vo. Cloth. $3.00. 

APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methods for proportioning the parts. By William 
S. AncHiNCLOss, Civil and Mechanical Engineer. Designed as 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the valve are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
hthographic plates, together with a copperplate engraving of the 
Travel Scale. 

All the matters we haya mentioned are treated with a clearness and absence 
of unnecessary verbiage which renders the work a peculiarly yaluable one. 
The Travel Scale only requires to be known to be appreciated. Hr. A. writes 
so ably on his subject, we wish he had written more. London JSh^ 
gineering. 

We have never opened a work relating to steam which seemed to us better 
calculated to give an intelligent mind a clear understanding ol the depart- 
ment it discusses. — Sdentific American, 



Digiti 



zedbyLjOOgle 



12 SCIENTIFIC BOOKS PUBLISHED BY 

Slide Valve by Eccentrics, by Prof. 
O. W. MaoOord. 

.4to. lUiiiytoMked. Cloth, #4.00. 

.A PEAOTIOAL TREATieB ON THE SLIDE VALVE BY 
ECCENTEIOS, examining by methods, the action of the Eocen- 
vttdc upon the Slide Valve, and explaining the practical proces- 
ses of laying out the moYements, adapting the valve for its 
vanous duties in the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, ^and Students of valve motions in 
general. By C. "W. MacCoju^, A. M., Professor of Mechanical 
.Drawing, Stevens' Institute of Teohuology, Hoboken, N J. 



Stillman's Steam-Engiae Indicator. 

12mo. Cloth. $1.00. 

THE «TEAM-ENGINE INDIOATOE, and the Improved Mano- 
meter Steam and Vacuum Gauges \ their utility and application 
By Paul SiiLiiifiAjN. New> edition. 



Bacon's Steam-Engine Indicator. 

l2mo. Cloth. fl.OO. Mor. $1.60. 

A -TEEATISE ON THE EICHAEDS STEAM-ENGINE IN- 
EICATOE, with directions for its use. By Charles T. Porthe. 
Bevised, with notes and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful fbrmulse and 
rules for Engineers. By F. "W. Bacon, M. E., Member of the 
American Society of Civil Engineers. Illustrated. Second Edition 

In this work, Mr. Porter's book has been taken as the basis, but Mr. Baoon 
has adapted it to American Practloey and has oonferzed a great boon on 
American EngineerB.«-<^rtt^». 



Steam Boiler Explosions. 

18mo. Boards. 60 cts. 
STEAM BOILER EXPLOSIONS. By Zerah Colbubn. 

** It is fall of practical information, axid serves to show in a most marked 
manner how very little one's knowledge upon the subject has advanced during 
the past ten years.''— ^. F. Times, 
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Qdllniore's Limes and Cements. 

Fifth Edition. Jtevised and Enlarged* 

8vo* aathi $100 J 

PEAGTICAL TREATISE ON I^BfES; HYBEATJUO CE- 
MENTS, AND MOETARS. Papers on Practical Engineering, 
U. S. Engineer Department, No. 9, containing Eeports of 
numerous experiments conducted in New York City, during the 
years 1858 to 1861, inclusive. By Q. A. Gillmore, Lt.-CoL 
U. S. Corps of Engineers, ^Breyet Majpr-General XJ. S. Army. 
With numerous illofllratiozifu 

''This vrork contains a reoonrd of certtun experiments and researches made 
under the authority of the Engineer Bureau of the "War Department from 
1868 to 1861, upon the various hydraulic cements of the United States, and 
the materials for their manufacture. The experiments were carefully made, 
and are well reported and compiled. *^-Jbumal Franklin InstittUe, 



Gillmore's Goignet Beton. 

8f<o. Cloth. |e.50w 

COIGNET BETON AND OTHEE AETIFICIAL STONE. By 
Q. A. Gillmore, Lt-Col. XL S Corps of Engineers, Brevet 
Major-General U. S. Army* 9 Plates, Views, etc. 

This work describes with considerable minuteness of detail the seyeral kinds 
of artificial stone in most general use in Europe and now beginning to be 
introduced in the United States, discusses their properties, relative merits, 

and cost, and describes the materials of wjiich they are composed 

The subject is one of special and growing interest, and we commend the work, 
embodying as it does the matured opmicms of an experienced engineer and 
expert. 



Gillmore on Roads. 



12mo. Clothe In Pressi 



A PEACTICAL TEEATISE ON THfl CONSTEUCTION 
OP EOADS, STEEETS, AND PAVEMENTS. By Q, A. 
^ Gillmore, Lt.-Col. IT. S. Corps of Engineers, Brevet Major- 
General TJ. S. Army. 
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Williamson on the Barometer. 

4to. Cloth. $15.00. 
ON THE USE OF THE BAEOMETEE ON SUEYEYS AND 
EECONNAISSANCES. Part I. Meteorology in its Connec- 
tion with Hypsometry. Part 11. Barometric Hypsometry. By 
E. S. WiLUAMSON, Bvt. Lieui-Col. U. S. A., Major Corps of 
Engineers. With Illustrative Tables and Engravings. Paper 
No. 15, Professional Papers, Corps of Engineers. 

" San Fkancisco, Oal., Feb. 27, 1867. 
" Gten. A. A. HuMPHRBTS, Chief of Engineers, TJ. S. Army : 

" Q-ENERAL, — ^I have the honor to submit to you, in the following pages, the 
results of my investigations in meteorology and hypsometry, made with the 
view of ascertaining how far the barometer can be used as a reliable instru- 
ment for determining altitudes on extended hnes of survey and reconnais- 
sances. These investigations have occupied the leisure permitted me from my 
professional duties during the last ten years, and I hope the results will be 
deemed of sufficient value to have a place assigned them among the printed 
professional papers of the United States Corps of Engineers. 
" Very respectfully, your ot)edient servant, 

«R S. WILLIAMSON, 
« Bvt Lt.-OoL U. S. A., Major Corps of U. S. Engineers.'' 



Von Ootta's Ore Deposits. 

8vo. Cloth. $400. 
TEEATISE ON OEE DEPOSITS. By Beknhaed Von Cotta, 
Professor of Geology in the Boyal School of Mines, Ereidberg, 
Saxony. Translated from the second German edition, by 
Feedeeick Peime, Jr., Mining Engineer, and revised by the 
author, with numerous illustrations. 
'' Prof. Yon Cotta of the !Freiberg School of Mines, is the author of the 
best modem treatise on ore deposits, and we are heartily glad t^t this ad- 
mirable work has been translated and published in this country. The trans- 
lator, Mr. Frederick Prime, Jr., a graduate of Freiberg, has had in his work 
the great advantage of a revision by the author himself, who declares in a 
prefatory note that this may be considered as a new edition (the third) of his 
own book. 

'* It is a timely and welcome contribution to the literature of mining in 
this country, and we are grateful to the translator for his enterprise and good 
judgment in undertaking its preparation ; while we recognize with equal cor- 
diality the liberality of the author in granting both permission and assist- 
SQoe." — EoBtractfrom Bevisw in Engineering and Mining Journal, 
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Plattner's Blow-Pipe Analysis. 

Seoond editioxb BeTiMcL 8Vo. Cloth. 97.50. 

PLATTNEE'S MANUAL OF QUALITATIVE AKD QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. Prom 
the last German editioH Eevised and enlarged. By Prof. Th. 
EicHTEx, of the Royal Saxon Mining Academy. Translated by 
Prof. H. B. CoENWALL, Assistant in the Columbia School of 
Mines, New York ; assisted by John H. Caswell. Illustrated 
with eighty-seven wood-cuts and one Lithographic Plate. 560 
pages. 

^' Plattner's celebrated work has long been recognized as the only complete 
book on Blow-Pipe Analysis . The fourth German edition, edited by Prof. 
Bichter, fully sustains the reputation which the earlier editions acquired dur- 
ing the lifetime of the author, and it is a source of gpreat satisfaction to us to 
know that Prof. Bichter has oo-operated with the translator in issuing the 
American edition of the work, which is in fact a fifth edition of the original 
work, being far more complete than the last German edition.'' — 8llUman*8 
JournaX. 

There is nothing so complete to be found in the English language. Platt- 
ner's book is not a mere pocket edition ; it is intended as a comprehensiye guide 
to all that is at present known on the blow-pipe, and as such is really indis- 
pensable to teachers and adyanced pupils. 

^ Mr. Cornwall's edition is something more than a translation, as it contains 
m^aiy corrections, emendations and additions not to be found in the original. 
It is a decided improyement on the work in its Gterman dress.'' — Journal of 
ApplMd Chemistry. 



Egleston's Mineralogy. 

8yo. Illustrated with 84 Lithographio Plates. Cloth. $4.50. 

LECTURES ON DESOEIPTIVB MINEEALOGY, Delivered 
at the School of Mines, Columbia CoUege. Bt Pbofessob T. 
Eglestgit. 

These lectures are what thefr title indicates, the lectures on Mineralogy 
deliyered at the School of Mines of Columbia College. They haye been 
printed for the students, in order that more time might be giyen to the yari- 
ous methods of examining and determining minerals. The second part has 
only been printed. The first part, comprising crystallography and physical 
mineralogy, will be printed at some future time. 
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Pynchon's CliemiGal Physics. 

New EdtHoH, JR^vikea €tfnd' Bnlaryei^i 

INTRODUCTION TO OiBtEMlCAli PHYSICS, Designed for tte 
Use of Academies, Colleges, and High Schools. Illustrated with 
numerous engravings, and containing copious experiments with 
directions for preparing them. By Thomas Euggles Ptnchom", 
M. A., Professor of Chemistry and the Natural Sciences, Trinity 
College, Hartford. 

Hitherto, no ^rork jiaitable for general use, treating of all these subjects 
within the limits of a single volume, could be found ; consequently the atten- 
tion they have received has not been at all proportionate to their importance. 
It is believed that a book containing so much valuable information within so 
small a compass, cannot fail to meet with a ready sale among all intelligexlt 
persons, while Professional men, Physicians, Medical Students, Photograph- 
ers, Telegraphers, Engineers, and Artisans generally, will find it specially 
valuable, if not nearly indispensable, as a book of reference. 

^' We strongly recommend this able treatise to our readers as the first 
work ever published on the subject free frbni perplexing technicalities. In • 
style it is pure, in deseription graphic, alid its- typographical appearance is. 
artistic It is altogether a most exc^eut wdidc;"--^A%?2e(^2« Medical Journal: 

" It treats fully of Photography, • Telegraphy, Steam' Engines,- and ^e 
various applications of Electricity. In shorty it is a oarefuUy prepared 
volume, abreast with the laftest seiontifib diB«o^ries and invention8.''-^irar^' 
f*^d G<mr<mt 

Plympton's Blow-Pipe Analysis. 

12mo. Cloth. 9160. 

THE BLOW-PIPE : A Guide to Its Use in the Determination 
of Salts and Minerals. Compiled from various sources, by 
George W. Pltmpton, O.E., A.M., Professor of Physical 
Science in the Polytechnic Institute, Brooklyn, N". Y. 



" This manual probably has no superior in the English language as a text- 
book for beginners, or as a guide to the student working without a teacher. 
To the latter many illustrations of the utensils and apparatus required in 
using the blow-pipe, as weU as the fully iUustrated description of the blow- 
pipe flame, wiU be especiaUy serviceable.*' — New York Teacher, 
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Dubois' Q-raphical Statics. 

8yo. 60 niostrations. aoth. |2.00. 

THE NEW METHOD OF GEAPHICAL STATICS. By 
A. J. Dubois, OJl^ PhJ). 



Gases in Coal Mines 

18mo. Boards. 50 cts. 

A PRACTICAL TREATISE ON THE GASES MET WITH 
IN COAL MINES. By the late J. J. Atkinson, Govern- 
ment Inspector of Mines for the County of Durham, England. 



Watt's Dictionary of Chemistry. 

Supplementary Volume. 

8vo. Cloth. $9.00. 

This volume brings the Record of Chemical Discovery down to the end of 
the year 1869, including also sevdral additions to, and oorrections of, former 
results which have appeared in 1870 and 1871. 

*^* Complete Sets of the Work, New and Revised edition, including above 
supplement. 6 vols. 8vo. Cloth. $62.00. 



Rammelsberg's Chemical Analysis. 

8vo. Cloth. $3.25. 

GUIDE TO A COURSE OP QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OP MINERALS AND FUR- 
NACE PRODUCTS. Illustrated by Examples. By C. F. 
Rammelsbshg. Translated by J. Towlsb, M.D. 

This work has been translated, and is now published expressly for those 
students in chemistry whose time and other studies in coUeges do not permit 
them ;o enter upon the more elaborate and expensive treatises of Fresenius 
and others. It is the condensed labor of a master in chemistry and of a prac- 
tical analyst. 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

New Edition, Mevised. 

12mo. mustrated. Cloth. ^1.50. 

A COMPENDIOUS MANUAL OF QUALTTATIVE CHEMI- 
CAL ANALYSIS. By Chaeles W. Eliot and EeankH. Stoeee. 
Eevised with the Cooperation of the Authors, by William Eip- 
LEY Nichols, Professor of Chemistry in the Massachusetts Insti- 
tute of Technology. 

<< This Maanal has great merits as a practical introduction to the science 
and the art of which it treats. It contains enongh of the theory and practice 
of qnalitatiye analysis, " in the wet way," to bring out all the reasoning in- 
yolved in the science, and to present clearly to the student the most approved 
methods of the art. It is specially adapted for exercises and experiments in 
the laboratory; and yet its classifications and manner of treatment are so 
systematic and logical throughout, as to adapt it in a high degree to that 
higher class of students generally who desire an accurate knowledge of the 
practical methods of arriying at scientific facts." — Liitheran ObserDer, 

** "We wish every academical class in the land could have the benefit of the 
fifty exercises of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and intellectual recreation. TVe hearttly commend this little volume 
to the notice of those teachers who believe in using the sciences as means of 
mental discipline." — College Cowrant, 



Craig's Decimal System. 

Square S2mo. Ximp. 50c 

WEIGHTS AND MEASTJEES. An Account of the Decimal 
System, with Tables of Conversion for Commercial and Scientific 
Uses. By B. F. Ce/lig, M. D. 

« The most lucid, accurate, and useful of all the hand-books on this subject 
that we have yet seen. It gives forty-seven tables of comparison between the 
English and French denominations of length, area, capacity, weight, and the 
CentigTade and Fahrenheit thermometers, with clear instructions how to use 
them ; and to this practical portion, which helps to make the transition as 
easy as possible, is prefixed a sdentifio explanation of the errors in the metric 
system, and how they may be corrected in the laboratory."— Jfcrftitm. 
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Nugent on Optics. 

12ino. Cloth. $2.00 

TBEATISB ON OPTICS; or, Light and Sight, theoreticaUy and 
practioally treated ; with the application to Fine Art and Indus- 
trial Pursuits. By E. Nugekt. With one hundred and three 
illustrations. 

**^ This book is of a practical rather than a theoretical kind, and is de- 
signed to afford accurate and complete information to all interested in appli- 
cations of the science." — Bound Table, 



Barnard's Metric System. 

8vo. Brown cloth. $3.00. 

THE METEIO SYSTEM OF WEIGHTS AND MEASUEES. 
An Address delivered before the Convocation of the University of 
the State of New York, at Albany, August, 1871. By Feedemck 
A. P. Babnabd, President of Columbia CoUege, New York City. 
Second edition from the Eevised edition printed for the Trustees 
of Columbia College. Tinted paper. 

'' It is the best summary of the arguments in &Tor of the metric weights 
and measures with which we ore acquainted, not only because it contains in 
small space the leading facts of the case, but because it puts the advocacy of 
that system on the only tenable grounds, namely, the great conyenience of a 
decimal notation of weight and measure as well as money, the value of inters 
national uniformity in the matter, and the fact that this metric system is 
adopted and in general use by the majority of civilized nations." — Ths Naiion, 



Butler on Ventilation. 

18mo. Boards. 60 cts. 

VENTILATION OP BUILDINGS. By W. P. Butler. 
Illustrated. 

"As death by insensible Boffocation is one of the prominent causes which 
swell our bills of mortality, we commend this book to the attention of philan- 
thropists as well as to architects.''— Boston Qlobe, 
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Harrison's Mechanic's Tool-Book. 

12mo. Cloth. $1.50. 

MECHANIC'S TOOL BOOK, with practical rules and suggestions, 
for the use of Machinists, Iron Workers, and others. By W. B. 
Haerison, Associate Editor of the " American Artisan." Illustra- 
ted with 44 engravings. 

'* This work is speciallj adapted to meet the wants of Machinists and work- 
ers in iron generally. It is made up of the work-day experience of an intelli- 
gent and ingenious mechanic, who had the facnlty of adapting tools to yarious 
purposes. The practicability of his plans and suggestions are made apparent 
even to the unpractised eye by a series of well-executed wood engravings.'' — 
Philadelphia Inquirer, 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Ninth Edition. 8vo. Cloth $2.00. 

A Hand-book for Electricians and Operators. By Fbank L. Pope. 
Seventh edition. Bevised and enlarged, and fully illustrated. 

Extract from Letter of Prof Morse. 

" I have had time only cursorily to examine its contents, but this examina- 
tion has resulted in great gratification, especially at the fairness and unpre- 
judiced tone of your whole work. 

** Your illustrated diagrams are admirable and beautifully executed. 

" I think all your instructions in the use of the telegraph apparatus judi- 
cious and correct, and I most cordially wish you success.*' 

Extract from Letter of Prof O, TT. Hough, of the Dudley Obaervat&ry. 

" There is no other work of this kind in the English language that con- 
tains in so small a compass so much practical information in the application 
of galvanic electricity to telegraphy. It shoidd be in the hands of every one 
interested in telegraphy, or the use of Batteries for other purposes." 



Morse's Telegraphic Apparatus. 

Illustrated. 8vo. Cloth. $3,00. 

EXAMINATION OF THE TELEGRAPHIC APPARATUS 
AND THE PROCESSES IN TELEGAPHY. By Samttbl F. 
B. MoESE, LL.D., United States Commissioner Paris Universal 
Exposition, 1867. 
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Sabine's History of the Telegraph. 

Idmo. Cloth. $1.25. 

HI8T0EY AND PE0GRE8S OF THE ELEOTRIO TELE- 
GRAPH, with Descriptions of some of the Apparatus. By 
RoBKRT Sa.bin£, C. E. Seoond edition, with additions. 

Contents.— I. Early Observations of Electrical Phenomena. 11. Tele- 
graphs by Frictional Electricity. III. Telegraphs by Voltaic Electricity. 
lY. Telegraphs by Electro-Magnetism and Magneto-Electricity. Y. Tele- 
graphs now in use. YI. Oyerhead Lines. YII. Submarine Telegraph Lines. 
YIIL Underground Telegraphs. IX. Atmospheric Electricity. 



Haskins' Galvanometer, 

Pocket form. IllaBtrated. Morocco tucks. 92.00. 

THE GALVANOMETER, AND ITS USES; a Manual for 
Electricians and Students. By 0. H. Haskiks. 

" We hope this excellent little work will meet with the sale its merits 
entitle it to. To eyefy telegrapher who owns, or uses a Galyanometer, or 
eyer expects to» it will be quite indispensable." — TK» Tdegrapher. 



Oulley^s Hand-Book of Telegraphy. 

8yo. Cloth. 95.00. 
A HAND-BOOK OF PRACTICAL TELEGEAPHT. By 
B. S. CuLLET^ Engineer to the Electric and International 
Telegraph Company. Fifth edition^ rerised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. $3.50. 

SUBMARINE BLASTING in Boston Harbor, Massachusetts- 
Removal of Tower and Oorwin Rocks. By John G. Fostbb, 
lieutenant-Colonel of Engineers, and Brevet Major-General, U. 
S. Army. Illustrated with seven plates. 

List of Plates.-^1. Sketoh of the Nanows, Boston Harbor. %. 
Townaend's Submarine Drilling Machine, and Working Vessel attending. 
8. Submarine Drilling Haohine employed. 4 Details of Drilling Machine 
employed. 5. Cartridges and Tamping used. 6. Fuses and Insulated Wires 
used. 7. Portable Friotion Battery used. 
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Barnes' Submarme' Warfare. 

8to. Cloth. $6.00. 

SUBMAEINE WAEFAEE, DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete History of the Invention of the 
Torpedo, its employment in War and results of its use. De- 
scriptions of the yarious forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the Explosive Force of Ghm- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By lieui-Commander John S. Ba&ves, 
U. S. N. With twenty lithographic plates and many wood-cuts. 

'* A book important to military men, and especially so to en^pneers and ar- 
tUlerists. It consists of an examination of the raripus offensive and defensive 
engines that have been contriyed for submarine hostilities, including a discus- 
sion of the torpedo system, its effects upon iron-clad ship-systems, and its 
probable influence upon future naval wars. Plates of a valuable character 
accompany the treatise, which affords a useful history of the momentous sub- 
ject it discusses. A great deal of useful information is collected in its pages, 
especially concerning the inventions of ScHOLL and VsKDU, and of Jokes' 
and Hunt's batteries, as well as of other similar machines, and the use in 
submarine operatioDS of gon-ootton and nitro-glyoerine." — N. T, Times, 



Randairs Quartz Operator's Hand- 

Book. 

12mo. Cloth. $2.00. 

QUARTZ OPERATOR'S HAND-BOOK By P. M. R^itoall. 
New edition, revised and enlarged. Fully illustrated. 

The object of this work has been to present a clear and comprehensive ex- 
position of mineral veins, and the m^ans and modes chiefly employed for the 
mining and working of their ores — ^more especially those containing gold and 
silver. 
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McOullocli's Theory of Heat. 

8vo. Cloth. In Press. 

AN ELEMEIS^TARY TREATISE ON THE MECHANI- 
CAL THEORY OF HEAT, AND ITS APPLICATION 
TO AIR AND STEAM ENGINES. By Prof. R. S. Mo- 

CULLOCH. 



Benet's Ohronoscope. 

Second Edition. 

Blustrated. 4to. Cloth. $3.00. 

ELECTRO-BALLISTIC MACHINES, and the Schnltz Ohrono- 
scope. By lieutenant-Colonel S. V. Bewet, Captain of Ordnance, 
U. S. Army. 

Contents.— 1. Ballistio Pendulum. 2. Gun Pendulum. 3. Use of Elec- 
tricity. 4. Navez' Machine. 5. Yignottl's Machine, with Plates. 6. Benton *s 
Electro-Ballistio Pendulum, with Plates. 7. Leur's Tro-Pendulum Machine 
8. Schultz's Chronosoope, with two Plates. 



Michaelis' Chronograph. 

4to. IlluBtrated. Cloth. $3.00. 

THE LE BOULENGlfe CHRONOGBAPH. With three Htho- 
graphed folding plates of illustrations. By Brevet Captain E. 
MicHAELis, First lieutenant Ordnance Corps, TJ. S. Army. 

" The excellent monograph of Captain Michaelis enters minutely into the 
details of construction and management, and gives tahles of the times of flight 
calculated upon a given fall of the chronometer for all distances. Captain 
Michaelis has done g^ood service in presenting this work to his hrother officers, 
describing, as it does, an instrument which bids fair to be in constant use in 
our future ballistio experiments.* — Armp and Navy Journal, 
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Silversmith's Hand-Book. 

Fourth Edition. 

mnstrated. l^mo. GOoth. $3.00. 

A PRACnOAL HAND-BOOK TOE MINERS, MetaUui^ts, 
and Assayers, oompnsing the most recent improvements in the 
disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining 
Laws. Greatly augmented, revised, and corrected. By Juliits 
SiLVEKSMiTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

One of the most important features of this work is that in which the 
metallurgy of the precious metals is treated of. In it the author has end^v- 
ored to embody all the processes for the reduction and manipulation of the 
precious ores heretofore successfully employed in G^ermany, England, Mexico, 
and the United States, together with such as have been more recently invented, 
and not yet fully tested— aU of which are profusely illustrated and easy of 
comprehension. 



Simms' Levelling. 

8vo. Cloth. $2.50. 

A TEEATISE ON THE PEINCIPLES AND PRACTIOE OF 
LEVELLING, showing its application to purposes of Railway 
Engineering and the Construction of Roads, &c. By Fbederick 
"W. SiMMs, C. E. From the fifth London edition, revised and 
corrected, with the addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with three lithographic 
plates and numerous wood-cuts. 

" One of the most important text-books for the general surveyor, and there 
is scarcely a question connected with levelling for which a solution would be 
sought, but that would be satisfactorily answered by consulting this volume." 
— Mining Journal 

** The text-book on levelling in most of our engineering schools and col- 
leges." — Engineers. 

<*The publishers have rendered a substantial service to the professioii, 
especially to the younger members, by bringing out the present edition of 
Kr. Simms' useful work.'* — Engineering. 
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Stuart's Successfal Engineer. 

18mo. Boards. 60 cents. 
HOW TO BECOME A SUCCESSFUL ENGINEEB: Being 
Hints to Youths intending to adopt the Profession. By 
Bebnabd Stuabt, Engineer. Sixth Edition. 

•• A valuable little book of sound, sensible advice to young men wlio 
wish to rise in the most important of the professions."— iSb^n/i;/k; American, 



Stuart's Naval Dry Docks. 

Twenty-four engravings on steel. 
Fourth Edition. 

4to. Cloth. $6.00. 

THE NAVAL DRY DOCKS OF THE UNITED STATES. 
By Chables B. Stuast. Engineer in Chief of the United States 
Navy. 

JLiat of Illustrations. 

Pumping Engine and Pumps — ^Plan of Dry Dock and Pump-Well— Sec- 
tions of Dry Dock — Engine House — ^Iron Floating Oate — Details of Floating 
Gate— Iron Turning Grate — Plan of Turning Gate — Culvert Gkite — ^Filling 
Cuivert Gates — Engine Bed— Plate, Pnmps, and Culvert — Engine House 
Boof — ^Floating Sectional Dock — Details of Section, and Plan of Turn-Tables 
— ^Plan of Basin and Marine Sailways — ^Plan of Sliding Frame, and Elevation 
of Pumps — Hydraulic Cylinder — Plan of Grearing for Pumps and End Floats 
— Perspective View of Dock, Basin, and Railway — Plan of Basin of Ports- 
mouth Dry Dock — ^Floating Balance Dock — ^Elevation of Trusses and the Ma- 
chinery—Perspective View of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. ISmo. Boards. 50 cents. 

A GUIDE TO OENAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student 

Contents.— Materials employed in Drawing, and how to use them— On 
Lines and h6w to Draw them — On Shadings — Concerning lines and shading, 
with applications of them to simple elementary subjects— Sketches from Ka» 
ture. 
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Minifie's Mecliaiiical Drawing. 

Kinth Edition. 

Boyal 8yo. aoth. HOO. 

A TEXT-BOOK OF GEOMETRICAL DRAWING for the use 

of Mechanics and Schools, in which the Definitions and Rules of 
Geometry are familiarly explained ; the Practical Problems are 
arranged, from, the most simple to the more complex, and in their 
description technicalities are avoided as much as possible. With 
illustrations for Drawing Plans, Sections, and Elevations of 
Buildings and Machinery ; an Introduction to Isometrical Draw- 
ing, and an Essay on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on steel. By Wm. 
MiNiFLE, Architect. Eighth Edition. With an Appendix on the 
Theory and Application of Colors. 

** It is the best work on Drawing that we have ever seen, and is especially a 
text-book of Geometrical Drawing for the use of Mechanics and Schools. No 
young Mechanic, such as a Machinist, Engineer, Cabinet-Maker, Millwright, 
or Carpenter, should be without it.** — Scientific American, 

" One of the most comprehensive works of the kind ever published, and can- 
not but possess great value to builders. The style is at once elegant and sub- 
stantial" — Pennsylvania Inquirer. 

** Whatever is said is rendered perfectly intelligible by remarkably well- 
executed diagrams on steel, leaving nothing for mere vague supposition ; and 
the addition of an introduction to isometrical drawing, linear perspective, and 
the projection of shadows, winding up with a useful index to technical terms." 
— Glasgow Mechanics' Journal, 

^^S* The British Government has authorized the use of this book in their 
schools of art at Somerset House, London, and throughout the kingdom. 



Minifie's Geometrical Drawing. 

' New Edition. Enlarged. 

12mo. Cloth. $2.<y). 

GEOMETEICAL DEAWING. Abridged from the octayo edition, 
for the use of Schools. Illustrated with 48 steel plates. New 
edition, enlsirged. 

'* It is well adapted as a text-book of drawing to be used in our High Schools 
and Academies where this useful branch of the fine arts has been hitherto too 
much neglected.'' — Boston JoumaL 
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Bell on Iron Smelting. 

8va Cloth. $6.00. 

CHEMICAL PHENOMENA OF lEON SMELTING. An ex- 
perimental and practical examination of the circiunstances which 
determine the capacity of the Blast Furnace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
operated upon. By L Lowthian Bell. 

BattershaU's Legal Chemistry. 

Illustrated. 12mo. Cloth. In press. 
LEGAL CHEMISTRY. A Guide to the detection of Poisons, 
Falsification of Writings, Adulteration of Alimentary and 
Pharmaceutical Substances ; Analysis of Ashes, and Examina- 
tion of Hair, Coins, Pire-Arms, and Stains, as applied to 
Chemical Jurisprudence. For the use of Chemists, Physi- 
cians, Lawyers, Pharmacists, and Experts. Translated with 
additions, including a list of books and memoirs on Toxi- 
cology, etc., from the French of A. Naquet. By J. P. Bat- 
TERSHALL, Ph.D., with a Preface by C. F. Chandlee, Ph.D., 
M.D., LL.D. 

King's Notes on Steam. 

Jfineteemth JEditianm 

8vo. Cloth. $3.00. 

LESSONS AND PEACTICAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c., &c., for Young Engineers, Students, and 
others. By the late W. E. Kino, U. S. N. Eevised by Chief- 
Engineer J. W. King, U. S. Navy. 

<* This is one of the best, becanse eminently plain and practical treatises on 
the Steam Engine ever published. ' — Philadelphia Press. 

This is the thirteenth edition of a valuable work of the late "W. H. King, 
U. S. N. It contains lessons and practical notes on Steam and the Steam En- 
gine, Propellers, etc It is calculated to be of great use to young marine en- 
gineers, students, and others. The text is illustrated and explained by nu- 
merous diagrams and representations of machinery. — Boston Daily AdveT" 
tiser. 

Text-book at the U. S. Naval Academy, Annapolis. 
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Burgli's Modem Marine Engineering. 

One thick 4to vol. Cloth. |25.00. Half morocco. |30.00. 

MODERN MARINE ENGINEERING, applied to Paddle and 
Screw Propulsion. Consisting of 36 Colored Plates, 259 Practical 
Wood-cut Illustrations, and 403 pages of Descriptive Matter, the 
whole being an exposition of the present practice of the follow- 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, Sons & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie ; 
Messrs. R. Napier & Sons ; Messrs. J. & W. Dudgeon ; Messrs. 
Ravenhill & Hodgson ; Messrs. Humphreys & Tenant ; Mr. 
J. T. Spencer, and Messrs. Forrester & Co. By N. P. Buegh, 
Engineer. 

Principal Contents. — General Arrangements of Engines, 11 examples 
— Greneral Arrangement of Boilers, 14 examples — General Arrangement of 
Superheaters, 11 examples — Details of 'Oscillating Paddle Engines, 34 ex- 
amples — Condensers for Screw Engines, both Injection suid Surface, 20 ex- 
amples — Details of Screw Engines, 20 examples — Cylinders and Details of 
Screw Engines, 21 examples — Slide Valves and Details, 7 examples — Slide 
Valve, Link Motion, 7 examples — Expansion Valves and Gear, 10 exam- 
ples — Details in General, 30 examples— Screw Proi)eller and Fittings, 13 ex- 
amples Engine and Boiler Fittings, 28 examples - In relation to the Princi- 
ples of the Marine Engine and Boiler, 33 examples. 

Notices of the Press, 

*< Every conceivable detail of the Marine Engine, under all its various 
forms, is profusely, and we must add, admirably illustrated by a multitude 
of engravings, selected from the best and most modern practice of the first 
Marine Engineers of the day. The chapter on Condensers is peculiarly valu- 
able. In one word, there is no other work in existence which will bear a 
mementos comparison with it as an exponent of the skill, talent and practical 
experience to which is due the splendid reputation enjoyed by many British 
Marine Engineers.*'— ^w^meer. 

" This very comprehensive work, which was issued in Monthly parts, has 
just been completed. It contains large and full drawings and copious de- 
scriptions of most of the best examples of Modem Marine Engines, and it is 
a complete theoretical and practical treatise on the subject of Marine 'Sinif^' 
w&&nsL%r— American Artimn. 

This is the only edition of thn above work with the beautifully colored 
plates, and it is out of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Editlmn* 

lUnstrated. 4to. Cloth. |15.00. 
TREATISE ON THE STEAM ENGINE in its various applica- 
tions to Mines, Mills, Steam Navigation, Railways, and Agricul- 
ture, with the theoretical investigations respecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, and 
Practical Instructions for the Manufacture and Management of 
every species of Engine in actual use. By Johk Bouene, being 
the ninth edition of "A Treatise on the Steam Engine," by 
the " Artisan Club." Illustrated by thirty-eight plates and fi^^e 
hundred and forty-six wood-cuts. 

As Mr. Bourne's work has the great merit of avoiding unsound and imma- 
ture views, it may safely be consulted by all who are really desirous of ac- 
quiring trustworthy information on the subject of which it treats. During 
the twenty-two years which have elapsed from' the issue of the first edition, 
the improvements introduced in the construction of the steam engine have 
been both numerous and importtot, and of these Mr. Bourne has taken eare 
to point out the more prominent, and to furnish the reader with such infor- 
mation as shall enable him readily to judge of their relative value. This edi- 
tion has been thoroughly modernized, and made to accord with the opinions 
and practice of the more successful engineers of the present day. All that 
the book professes to give is given with ability and evident care. The scien- 
tific principles which are permanent are admirably explained, and reference 
is made to many of the more valuable of the recently introduced engines. To 
express an opinion of the value and utility of such a work as TTie Artisan 
Club's Treatise on tlie Steam Engine, which has passed through eight editions 
already, would be superfluous ; but it may be safely stated that the work is 
worthy the attentive study of all either engaged in the manufacture of steam 
engines or interested in economizing the use of steam. — Mining Journal. 



Isherwood's Engineering Precedents. 

Two Vols, in One. 8to. Cloth. $2.50. 

ENGINEEEING PEECEDENTS FOE STEAM MACHINEEY. 
Arranged in the most practical and useful manner for Engineers. 
By B. F. IsHERWooD, Civil Engineer, U. S. Navy. With illus- 
trations. 
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"Ward's Steam for tlie Million. 

New and Mevised Edition. 

8vo. Clotii. $1.00. 

STEAM FOE THE MILLION. A Popular Treatise on Steam 
and its AppKcation to tlie Useful Arts, especially to Naviga- 
tion. By J. H. Wabd, Commander U. S. Navy. New and re- 
vised edition. 

A most excellent work for the young engineer and general reader. Many 
f aots relating to the management of the boiler and engine are set forth with a 
simplicity of language and perfection of detail that bring the subject home 
to the reader. — American Engineer, 



Walker's Screw Propulsion. 

8vo. . Cloth. 75 cents. 

NOTES ON SCREW PEOPULSION, its Eise and History. By 
Capt. W. H. WAJ.KEK, U. S. Navy. 

Commander Walker's book contains an immense amount of concise practi- 
cal data, and every item of information recorded fully proves that the various 
points bearing upon it have been well considered previously to expressing an 
opinion. — Ixmdon Mining Journal, 



Page's Earth's Crust. 

18mo. Cloth. 75 cents. 

THE EARTH'S CRUST : a Handy Outline of Geology. By 
David Page. 

'/ Such a work as this was much wanted — a work giving in clear and intel- 
ligible outline the leading facts of the science, without amplification or irk- 
some details. It is admirable in arrangement, and clear and easy, and, at the 
same time, forcible in style. It will lead, we hope, to the introduction of 
Geology into many schools that have neither time nor room for the study of 
large treatises." — TTie Museum, 
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Rogers' Geology of Pennsylvania. 

8 Vols. 4to, with Portfolio of Maps. Qoth. $30.00. 

THE GEOLOGY OF PENNSYLVANIA. A Government Sur- 
yey. With a general view of the Geol(^y of the United States, 
Essays on the Goal Formation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
HekbIt Dabwin Eogers, Late State Geologist of Pennsylvania. 
Splendidly illustrated with Plates and Engravings in the Text. 

It certainly should be in every public library voroughout the country, and 
likewise in the possession of all students of Geology. After the final sale of 
these copies, the work will, of course, become more valuable. 

The work for the last five years has been entirely out of the market, but a 
few copies that remained in the hands of Prol Rogers, in Scotland, at the 
time of his death, are now offered to the public, at a price which is eren 
below what it was originally sold for when first published. 



Elliot's European Light-Houses. 

51 Engravings and 21 Wood-cnts. 8vo. Goth. $6.00. 
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